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Chapter  5. 

SflCRT-IEBN  S1ATIC  S1BESG1B. 

Installations  for  determining  short-tine  strength  (2C-3000°C). 

Short-tine  static  tests  make  it  possitle  tc  determine  basic 
mechanical  characterist ics  cf  high-melting  materials,  and  to  also 
estimate  the  behavior  of  these  materials  under  lead  at  the  high 
temperatures,  to  a certain  degree  iiitatiag  operating  conditions  of 
parts  and  elements  of  the  cc nstructicn/des igqs , working  under 
conditions  of  short-tine  overloads  and  superheating. 

One  of  the  basic  types  of  short-time  static  tests  is  testing  for 
elengatioq  which  makes  it  pcssihle  to  deteriine  the  sechanical 
characteristics  of  materials  - limits  cf  strength,  proportionality 
aad  yield,  and  also  elongation  per  unit  length  and  narrowing. 

The  methods  of  short-time  static  tests  cf  different  materials  at 
the  r$cm  and  elevated  temperatures  (to  1000-20CC°C)  are  sufficiently 
well  known  [5,  6,  18,  19];  however,  there  is  very  limited  information 
about  the  tests  of  materials  in  temperature  ranee  higher  than 
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At  present  not  standard  procedures  and  equipment  for  the  test 
week  of  high-melting  materials  at  very  high  te  ■ peratures.  In  the 
majorfty  of  the  cases  fer  these  purposes,  >are  utilized  available 
general  purpose  machines  [6,  157,  159],  which  ace  equipped  with 
specially  developed  heating,  wcasuzing  and  cthec  attachments,  by 
vacuum  chambers,  e|tc.  This  way  has  the  definite  advantages,  since  it 
requires  the  manufacture  cqly  cf  separate  nenstandard  parts  and  it 
cakes  it  pcssible  to  utilize  the  existing  eccipaent. 


In  the  institute  of  the  pcoblecs  cf  the  stcength  of  AS  UkSSR  in 
recent  years  according  tc  similar  principle,  is  created  a series  of 
installations  [60]  now  successfully  operated.  lescription  of  one  of 
sich  installations  (VTV-2V)  will  be  given  below.  Besides  it,  for 
short-time  static  tests  is  developed  and  created  the  installation 
with  the  use  of  the  cathode-ray  heating  of  spec imen/samples. 

The  results  of  experimental  studies  of  strength  and  plassticity 
cf  refractory  metals,  presented  in  this  chapter,  in  essence  are 
obtained  during  tests  during  installation 

Installation  VTU-2 V is  designed  for  high-melting  material 
testieg  in  vacuum  or  inert  tedium  at  temperatures  of  20-3000°C.  It 
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consists  of  the  following  assembly  cf  devices  a 
general  purpose  testing  machine,  tte  special  va 
the  vacuum  system,  the  system  cf  heating  specie 
fee  measurement,  the  deicriaticc  cf  spccisen/sa 
leasurement  and  temperature  ccntrol  and  centrcl 
(Pig.  154)  . 

Page  194. 


Is  basis  for  constructing  the 
universal  testing  machine  SzF-1,  w 
tests  for  elongation,  bend  and  com 
(2500  kgf)  . For  an  increase  of  the 
lpad  in  power  circuit,  is  establis 
type  DS-0.2.  On  the  movable  crcssh 
interchangeable  working  vacuum  cam 


installatic  r 
bich  makes  it 
pression  with 
accuracy/pre 
b/installec  t 
ead  cf  aachin 
cra/chaaters. 


The  vacuua  system  cf  installation,  which 
VM—2H8,  the  diffusion  pump  N1-S2,  catch  DH-8C 
with  special  tap/cranes*  lakes  it  possible  to 
evacuation/rarefaction  in  werking  chamber  tc  1 
Hg)  at  rooa  temperatures  and  1.33  »/m*  (1*1C~4 
inlealage  of  air  into  vacuua  systei  does  net  u 


c 

a 

c 


s 


nd  attachments: 
cuua  camera/chamber, 
en/sa spies*'  devices 
■pie,  tools  for 
panel  of  installation 


VTU-2V  served 
possible  to  conduct 
peak  load  to  24,500  hi 
cision  of  the  measured 
Ic  dynamometer  of  the 
e,  are  mounted  the 

ensists  of  fore  pump 
nd  vacuum  aanifolds 
reate 

33  hlN/a*  (1  *10-*  aa 
sa  Hg)  at  2000°C.  The 
ually  exceed  0. 1 pl/s. 
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The  system  of  heating  specimen/saaples  makes  it  possible  to 
reach  temperatures  of  3CCG-210C°C,  utilizing  a ray  (radiation)  method 
of  beating.  For  this  purpose,  is  specially  designed  small  electric 
furnace  with  the  lamellar  molybdenum  (tc  17CC°C)  and  tungsten 
(2CG-JC00°C)  heaters,  which  present  the  tubes  12-15  mm  in  diameter 
and  70  cm  in  long  (Fig.  155).  The  length  of  beater  3-4  tines  exceeded 
the  working  length  of  spccinen/sanple  (k  *15-20  mm).  For 

decreasing  radiation  losses,  was  applied  the  system  ef  shields  from 
tungsten  and  molybdenum. 

Calibration  tests  shewed  that  in  working  chamber  of  furnace  it 
is  possible  to  obtain  the  scfficiertly  uniform  heating  zone.  The 
study  of  the  distribution  of  the  temperature  of  specimen/sample 
during  tensile  tests  with  the  utilization  of  ray  beating  showed  that 
at  temperatures  of  1300-150C°C  gradient  alcig  the  length  of  the 
workiag  section  of  specimen/sample  did  not  exceed  10-20  deg,  but  at 
higheE  temperatures  (20 CO-2 150°C)  it  was  2E-30  deg  (Fig.  156). 

The  heater  of  the  ccngtructior/design  indicated  consumes 
relatively  lew  power  (P-6.5  ku  with  -3COO°C).  j 

1 

The  horizontally  arranced/located  current  supplies  make  it 
possible  tc  utilize  heaters  of  various  forws  anc  size/dimensions,  and 
to  also  establish/install  it  the  c awera/chawber  interchangeable 
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attachments  for  a bend  and  compression. 


Stress  on  heater  enters  ftcm  step-down  transformer  030-40,  which 
is  regulated  by  bunchers  ROI-25/0.5.  For  measurement  and  check  of 
temperature,  are  used  the  thermocouples  of  the  type  PP  and  VR5/20, 
amd  also  the  optical  pyrometer. 
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fig.  154.  The  schematic  diagram  of  installation  1T0-2V:  1 - testing 

machine;  2 - vacuum  camcra/chamber ; 3 - optical  photographic 
attachment;  4 - pyrometer;  5 - potentiometer  EEE-07;  6 - 
potentiometer  KF-59;  7 - tunchers  of  stress  FC1-25/0.5;  8 - 
transformer  0SU-4Q;  9 - electric  motor;  10  - tunchers  of  the 
velocities  of  testing  machine;  11  - electric  motor  quick  notion;  12  - 
fere  pump  VN-2MG;  13  - bottle;  14  - four-way  vacuum  tap/crane;  15  - 
diffusion  pump  N1-S2;  16  - catch;  17  - vacuum  gauge  VIT-11;  18  - 
dynamometer;  19  - monometric  lamps;  20  - specimen/sample ; 21  - 
reheating  furnace;  22  - thermocouple  concl'iislco. 


Key:  J1).  Rater.  (2).  V 


Fig.  155.  Heating  eleaeft  cl  installation  F1U-2V:  a)  the 
scan/developnent  of  heater;  b)  the  diagraa  cl  installation  of  heater 
in  current  conductors  (1  — heating  element*  2 — current  conductors). 
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leiperature  distributicr  along  the  length  cf  s p « cimen/sa aple  during 
tensile  tests. 


Eage  197. 

Fci  studying  the  strength  properties  cl  lcw-plasticiby 
refractory  ccapounds  - carbides,  borides,  nitrides  and  others  - 
cermet  materials  in  the  vide  range  cf  temperatures  (with  the 
utilisation  of  ray  heating  cf  speci nen/saaples  tc  2300-2500°C,  during 
heating  the  direct/straight  transmission  of  the  electric  current 
through  the  speciaen/sa ■ pie  to  300C-350C°C)  are  estatlish/installed 
vacuua  chambers  and  interchangeable  attachienta,  which  ensure 
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obtaining  different  experimental  media  (inert  gas  or  vacuum)  and  the 
forms  cf  loading  (elongaticr,  bend  or  ccmpressicn) . 

Fcr  studying  the  short-time  tensile  strength  of  refractory 
metals,  are  utilized  prcpcrticral  circular  specimen/samples  with 
working  section  3-4  mm  in  diameter  and  15—  2 C kb  in  long,  which  have 
threaded  or  fillister  heads,  and  also  flat/plane  laminated 
specimen/sanples  S.O  ms  in  wide. 


CCC  ? 78133C07  PAGE  "J©— 

to 


4 


lig.  157.  Speciaen/saaples  for  aecbarical  tests. 

Key:  f1).  opening. 

Fage  198. 

Tha  overall  length  of  the  s Eecinen/samfles  used  is  40-50  am,  if  the 
tenperature  of  tests  does  net  exceed  17C0°C# 


and  100-125  an  for  the 


Strain  is  measured  by  cathctc meter  MH-b  ard  by  optical 
cap/filling.  During  tests  the  elancaticn  of  sps cimen/sample  is 
deterained  according  to  a chance  ir  the  clearance  (0.1-0. 2 aa) 
between  the  plates,  welded  to  the  thickened  parts  of  the 
speciaen/s ample. 


For  measurements  of  the  temperatures,  »hich  exceed  2000°C,  were 
carried  out  the  special  te$ts,  which  made  it  possible  to  calibrate 
wire  SB5/20  cn  melting  points  cf  pire  metals  acc  calibrate  the 
optical  pyrometer,  and  also  determine  the  corrections  which  must  be 
introduced  with  measurements  of  the  temperature  brightness  of  the 
surface  of  speciaen/saaple  (Figs.  158  ard  159). 

Installation  "electron"  is  intended  fer  determining  the 
mechanical  properties  of  high-melting  materials  in  vacuum  with 
heating  cf  specimen/sample  by  electron  beam  to  3200°C.  The  block 
diagram  cf  installation  is  represented  cn  Fig.  160. 


By  framework  is  water-cooled  earner a/cheiter  1 diameter  310  mm, 
which  is  fasten/strengthened  to  vacuum  assembly. 


B tt  33 

Fig.  158.  The  dependence  tteracelectrcactivc  fccce  of  wire  VR5/20  on 
the  temperature:  1 - on  the  data  of  Is LA  £32];  2 - on  the  data  of 
actk  £22];  3 - on  our  data. 


Key:  11).  a V. 


Fig.  159.  Calibration  carve/graphs  of  the  temperature:  a)  during 
tests  for  elongation  (1  - fcr  the  circular  epee jnen/sanples  H;  2 - 
for  laminated  specimen/saaples  H)  ; b)  during  tests  fcr  bend  (1  - for 
the  circular  specimen/samples  li;  2 - fcr  prismatic  speciaen/sa nples 
aade  Qf  refractory  confounds). 
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(/)Cm  - tMt(x) 


Key:  ( 1 ).  Grid/net  work.  (2).  V. 

Page  200. 

In  the  chamber  are  placed  current  conductors  cf  high  voltage  2, 

mancmetric  lamps  3 and  U,  the  vacuum-tight  input/introductions  for 
ther mgcouples,  inspecticc  window,  etc. 
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Specinen/sanple  5 is  reinforced  by  pit£  6 in  in  diaaeter  in 
captures  by  6,  made  frca  molybdenum  or  tungsten.  Captures  are  screwed 
in  intc  the  thrust/cod  cf  spherical  bearing  7 and  into  ncvable 
water-cooled  stock/iod  8.  Ihis  systei  provides  geod  centering  of 
specinen/sanple  and  aziality  of  the  load  application.  The  loading  of 
s pcciien/saaple  realize/acccnp fishes  with  tie  aid  of  series 
direct-current  aotor  9 through  reducer  10*  the  pair  cf  spar  gears  11, 
the  ptpwer  pair  screw/prcpeller  - nut  12  and  the  elastic  cell/element 
with  strain  gauge  13.  The  ccntrcl  cf  the  rate  cl  the 
displbcenent/novenent  of  active  capture  within  the  liaits  of  0.2-0. 4 
anynin  are  maqufact ured  with  the  aid  of  voltage  regulators  RNO-2  and 
23*  and  also  serrated  pair  11. 


bead  in  specinen/sanple  is  neasured  according  tc  the  elastic 
deforaation  of  bean  with  free  supperts  »ith  the  aid  of  the  strain 
gauge*  connected  in  the  bridge  measuring  circuit  of  strain  measuring 
statipn  8ANCh— 7m,  with  the  subseguent  recoicing  of  output  signal  on 
electronic  potentiometer  15  (type  EPP-C2)*  The  iced  cf  strain 
measuring  station  16  realize/acccaplishes  separate  stabilized  block 


> 


I 
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The  rigidity  of  beans*  the  parameters  cf  strain  gauges,  strain 
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measuring  station  and  EFP-QS  are  agreed  in  suet  a nay  that  during 
lpad  change  within  the  limits  cf  2CC-5CC0  M (2C-50Q  kgf)  is  possible 
the  scan/de velopment  of  sigeal  to  entire  scale  IPP-09.  For  the 
kinematic  closing/shorting  cf  power  circuit  (active  stock/rod  - 
simple  bean  - forcing  screw)  ie  estaklish/inst a lied  spring  14.  The 
■eebanism  of  the  recording  cf  strain  induces  selsyn  transmitter  18, 
connected  with  the  connecting  shaft  (ns250  r/air),  reducer  10 
receiving  synchro  19  which  is  estafclish/installcd  swept  synchronous 
■ptor  SD-09  into  the  systea  of  the  displaaeaent/movement  of  the  graph 
paper  cf  potentiometer  EFF-09.  Servo  systea  is  carried  out  on  the 
roncoatact  selsyns  of  the  type  ES-4041,  of  the  workers  in  indicator 
conditions/mode.  After  the  disconnecticn/cutcf f of  the  mechanism  of 
press/printing,  switch  cf  sensers  aqd  seme  asseablies  of  tape-drive 
aechanism  EPP-09,  is  obtained  the  stable  operation  of  the  synchronous 
rotati.cn  of  the  rotors  cf  sensor  and  receiver  with  the  regulating  of 
the  scale  of  recording  the  strain  cf  s peci oe n/sa sple  in  the  range 
(IQ:  1)  - (210: 1)  . The  vacuum  system  cf  installation  provides 
evacuation/rarefaction  1.33-0.  133  iN/m2  ( 1 C — 1 C— • mm  Hg)  during  the 
electronic  heating  of  specimen/sample  without  preliminary  degassing. 
It  switches  on  fore  pump  by  20  (type  VN-1)  , bocster  pump  21  (type 
BN— 3)  and  a high-vacuum  pump  (cf  type  KH10CC).  Vacuum  manifold  (22, 
25)  makes  it  possible  tc  manufacture  the  direct/straight  And  bypass 
pumping  out  of  the  came r a/c hamt er  thromgh  catch  24,  in  consequence  of 
which  during  the  exchange  of  specimen/sample  in  the  camera/chamber  it 
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is  not  necessary  to  disccnnect/turn  off  diffusion  puaps. 


Pressure  in  the  camera/chanter  is  aeasrred  with  the  aid  of  the 
aagcaetric  lamps  LT-2  and  IE-2,  connected  tc  vacuua  gauge  VIT-  1A 


Page  201. 


Ike  inleakage  of  air  intc  vacuua  systea  does  net  usually  exceed 


C.  15-0.2  pl/s. 


For  heating  of  speciaer/saaples  by  electicr  bean  were  tested  the 
diagrSas  of  autoheating  (speciaen/saaple  - ancce)  and  of  heating  by 
the  cdthode-ray  guns  of  pier  (speciaen/saaple  cut  of  electric  field). 
Antoheating  is  econcaical,  tut  it  has  the  essential  deficiencies: 
degassing  speciaen/saaple  ir.  heating-up  petied  leads  to  the 
icqization  of  intenelect 1 ede  inter val/gap,  the  caergence  of  the  glow 
discharge  and  punctures;  it  is  difficult  tc  stabilize  the  temperature 
cf  specinen/sample  during  heating  higher  than  1200-1500°C;  is 
feasible  the  superheating  of  speciaen/saaple  in  neck.  Therefore,  for 
investigations  utilizes  electron  keaa  guns  cf  pier. 


The  electric  circuit  cf  installation  provides  accelerating 


voltage  8 kv  and  has  necessary  mechanical  acd  electrical  interlocks 
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on  high  tension  and  vactui. 
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The  calculation  of  the  prctable  errors  in  the  direct 
■easurements  showed  that  during  the  correct  agreement  of  the  ranges 
fke  measuring  systems  cf  installaticn  ard  measured  values  of 
defect  of  measurement  of  load  comprise  cot  more  than  1.5-2o/o, 
strains  - to  5o/o  and  temperature  2-4o/c. 

Temperature  effect  on  the  mechanical  properties  of  tungsten, 
molybdenum  and  alloys  on  their  basis. 

Tungsten.  Tungsten  and  alloys  on  its  basis  it  is  most  expedient 
to  apply  in  the  constructic y/desig ns,  verting  at  the  temperatures 
mere  than  180Q°C  [ 1633*  In  verks  [ 163—  1 € 5 ] shown  wide  application  of 
tungsten,  in  particular,  in  electric  vacuum  indcstry  for 
manufacturing  the  filaments,  grids,  input/irtrcducticns  and  many 
ether  articles. 

In  aviation  and  rocket  engineering  is  jcssitle  the  utilization 
cf  tungsten  for  manufacturing  the  >rczzle  icser t/bushings  of  critical 
sectign/cut,  and  also  the  parts,  located  near  nczzle  and  morkers  at 
the  temperatures  mere  than  2000°C  [162]. 


However,  the  utilizaticn  of  pure  tungsten  as  structural  material 
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in  a number  of  cases  is  hincer/baapered  first  cf  all  due  to  its  lov 
Elasticity  with  roca  temperatures  (in  spite  of  high  heat  resistance). 

The  wide  application  cf  tungsten  in  do ESti uct ion/de signs  is 
lixited  also  by  its  powerful  oxidation  iq  air  with  temperatures  of 
aore  than  600°C;  therefore  it  is  cciplttelj  logical  that  with  the 
devel^paent  of  the  sufficiently  reliable  coatings  of  the  field  of 
application  of  tungsten  alloys  in  technology  considerably  they  will 
fce  expanded. 

One  should  note  that  working  tungsten  also  presents  specific 
technological  difficulties.  Therefore  at  present  during  the  creation 
cf  new  heat-resistant  alleys  on  the  basis  cf  tungsten  researchers 
direct  their  efforts  both  for  the  perf ccticr/ia proveaent  of 
technology  of  production  ( ixpre vemegt  cf  aethedr  of  Belting  and  the 
decontaaination  of  aetals)  and  on  improving  technological  and 
aechanical  properties  because  of  the  alloying  cf  material* 

Fage  202. 

in  present  section  are  represented  the  results  of  the 


investigation  of  the  strength  properties  arc  fora  of  fracture  of 
tungsten,  obtained  by  the  xetheds  cf  powder  xetallurgy  and  by 
vacuua-arc  aelting.  Furthermore,  is  shown  the  effect  of  alloying  of 
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tungsten  by  some  cell/eleaents  on  its  beat  resistance. 

The  part  of  the  s peciaen/saap les  u as  i<de  cf  cast  tungsten,  it 
is  snelted  in  vacuun-arc  frrnace  nith  the  ccnsuaable  electrode.  The 
ingcts  of  tungsten  uith  a diameter  of  8C  at  Here  Belted  at 
approaiaat ely  20  kg/h  ir  speed,  theg  Here  subjected  to  hot 
deferaation  kith  1 400-  16G0°C  h it h the  degree  cl  reduction  60-85o/o. 

As  usaal,  the  process  of  the  deforaaticn  of  tuncsten  was 
realize/accomplished  in  several  stages  acccipacied  by  reheatings. 

With  enrolling  to  sheet  1.5-2.  C aa  in  thickness  deforaatipn  Here 
conducted  kith  pre  recrystal  lizatic  ij  tea perstures . 

Beaaining  speciaen/samples  Here  prepared  frea  the  cernet 
tnngsten,  obtained  by  the  ccaacr  aetheds  cf  pevder  aetallargy. 
rendered  aetal  of  tungsten  they  pressed,  sintered,  and  then  they 
subjected  to  forging  anc  annealing  [3,  169]. 

Xn  initial  state  the  reds  cf  cernet  tungsten  had  a diameter  of 
8-10  aa,  sheet  - thickness  1.5-2. 0 aa.  For  relieving  the  peening 
after  strain  aolding/bars  and  sheets  they  annealed  in  vacuum  with 
12C0°C  for  1 h. 

The  cheaical  ccnpositicn  of  the  materials  being  investigated  vas 
given  in  Table  3. 
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Brcm  sheets  and  moldigg/bars,  Here  cut  out  the  blanks  for 
laquf actor ing  the  tcnsile-strergtfa  specimens.  Circular 
s jeciaen/samples  were  aachined  cn  grinding  aacbines  and  in  final  Bind 
they  Kept  a diameter  of  working  section  4.C  an. 

On  sheet  blanks  by  initially  anode-aechanical  aethod  broached 
holes  5 aa  in  diaaeter  under  acunting  boards.  Then  sheet  blanks  in  a 
gcantity  of  5-7  pieces  were  gathered  i^to  files  and  after 
installation  in  special  jig  mere  ground  on  cut line/ccn tour.  The 
nanufactured  speciaen/saaples  they  thoroughly  cleaned  froa  projecting 
edges,  and  the  working  section  of  s peciaen/sa b pie  additionally  was 
polished. 


The  mechanical  properties  of  tungsten  enc  alloys  on  its  basis 
were  determined  during  installaticr  VTU-2V  it  vacuum  1.33  sn/«* 

( 1 • IQ"4  mg  h g ) . 

The  results  of  the  investigation  of  strength  and  plasticity  of 
the  pare  tungsten  at  teaperatcres  to  27C0°C,  obtained  by  the  aethods 
of  powder  aetallurgy  and  by  vacuum-arc  Belting,  are  given  to  Pigs. 

Ill  and  162  [35,  s.  20].  Cn  graphs  are  represented  the  average  values 
of  test  results. 


temperatures  of  20-1600°C  tfce  strength  properties  of  poured  tungsten 
are  considerably  higher  than  ceraet  cne.  Hitk  an  increase  in  the 
teapecature  of  testing  tc  8C0°C,  is  ebservee  a sharp  reduction  in  the 
strength  of  ceraet  tungster. 
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Pig.  161.  Dependence  of  strength  and  plasticity  of  cermet  tungsten  on 
temperature. 


Key:  11).  Ml/m2  (kg/mm2). 


Pig.  162.  The  temperature  dependence  of  strength  and  plasticity:  1 - 
peured  tungsten;  2 - cermet  tungsten. 

Key:  11).  Ml/n*  (kg/t«2). 
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Sc*  already  at  1200°C  limit  of  the  strength  of  cermet  tungsten  is  295 
nN/m2  (30  kg/mm2),  and  for  poured  - 590  mN/i2  (60  kg/an2)  with 
identical  plasticity.  Hith  further  increase  cf  temperature,  a 
difference  in  the  values  of  ultimate  strength  is  decreased  and  at 
2000°C  limits  of  the  strength  cf  the  poured  and  cermet  tungsten  are 
egual  to  [-98.1  mN/m2  (-10  kg/*m2)  ];  however,  the  plastic  properties 
cf  the  poured  material  are  twice  as  high. 

Bith  temperatures  higher  than  2C0C°C  strength  of  ceraet  tungsten 
sciewhat  higher  than  cast,  tut  plasticity  - cnly  is  temporarily 
lower*  Analogous  results  obtained  ty  Foil*  - see  [162].  The  plastic 
properties  of  the  poured  tungsten  in  the  ranee  of  temperatures  of 
2fl00-J000oC  steadily  grew/rise.  The  plastic  properties  of  cast 
tungsten  in  the  temperature  range  cf  2QCD-3CCC°C  continuously 
increase.  Fig.  163  gives  an  illustration  of  the  behavior  of  tungsten 
at  the  indicated  temperatures. 

A reduction  in  the  plastic  preperties  cf  ceraet  tungsten  at 
temperatures  is  more  than  2CC0°C  connected,  apparently,  with  the 
presence  of  different  metallic  and  ncnmetallic  impurity/admixtures  in 

tfl 
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■aterial,  generatrices  cf  tie  phase  of  implementation  of  the  type  of 
ejeides,  carbides  and  nitrides  [45],  the  concentration  of 
iapurjity/adoixtures  in  ictercrysta  Mine  zeres  ccqtinoonsly 
grow/risiag  at  the  temperatrres  mote  than  1tCC°C  [167], 


On  microphotograph y/microphotcgraphs  ct  the  structure  of  the 
sp ecimen/samples  of  ceriet  tungstet  after  testing  at  the  temperatures 
lore  than  2000-22Q0°C,  are  observed  considerably  wider 
bcundary/interf aces  in  ccapariscn  with  the  peured  tungsten  (Fig. 

1f4),  which,  apparently,  ccnfiras  the  representation  of  the 
considerable  concentraticc  cf  inpur ity/adniittres  in  intercrystalline 
zcqes,  as  a result  of  which  cf  boundary/interface  they  possess  lower 
cheaical  stability,  that  basis,  and  easily  are  etched  [167]. 


The  nechanical  properties  cf  alloys  on  the  basis  of  tungsten  are 
tested  in  essence  on  laainated  specimens.:  iterefere,  special  interest 
they  present  the  results  cf  the  test  of  the  unalloyed  tungsten, 
obtained  in  flat/plane  laainated  s peciien/saaples  (1. 2-2.0  mm  in 
thickness) . They  are  represented  on  Fig.  1(5.  tfce  general  character 
cf  the  dependence  of  strength  and  plastic  preperties  of  material  in 
the  fqrn  of  sheets  and  reds  cn  temperature  proved  to  be  analogous.  To 
teaperatures  on  the  order  cf  800°C,  values  cf  limit  cf  strength  of 
poured  laminated  tungsten  are  higher  than  fer  tie  specimen/samples, 
■anufactured  from  moldirg/bars  and  rods,  it  is  cbvious  that  this  is 
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connected  v ith  the  larger  degree  of  the  peecinc  of  sheet  material.  Is 
higher  than  1700°C  limit  of  the  strength  of  the  specimen/samples  of 
laminated  tungsten  lower  than  fee  zeds.  It  is  pcssible  that  in  this 
temperature  range  on  stiength  characteristics  have  effect  the 
flaw/defects  in  the  fori  of  flaws  and  lamiijaticrs  which  were 
reveal/detected  in  the  fractures  of  laminated  s pecimen/sam pies  and  on 
sections  during  their  stud)  after  destruction.  Furthermore,  was  noted 
certain  heterogeneity  cf  material  ever  the  cress  section  of  the 
laminated  speciaen/sanples , tested  in  the  temperature  range  of 
1700-2600°  C. 


£age  205. 


2000°  2200 • 2600*0  ° 

, ..  i.»  . It-  • — ' 

Fig.  163.  Specimen /samples  cf  tungsten  after  mechanical  tests  at  the 
high  temperatures:  a)  peured  tungsten;  h)  cermet  tungsten. 


^ffg,  MH/Mt(Kr/MHt ) 


Fig.  164.  Hicrostr ucture  of  tungsten  after  testing  with  2500°C 
(X2C0)  - 


mo  mo  m m m t,bc 

Fig.  165.  Temperature  effect  on  the  mechanical  properties  of  the 
laminated  tungsten:  1 - peered;  2 - cermet. 
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On  Fig.  166,  ace  shown  laainated  speaiaen/samples  of  the  poured 
tungsten,  destroyed  at  teiperatures  of  200C-26CC°C.  After  tests  at 
teaperatures  higher  thar  22C0-2300oC,  ctsexved  considerable  roughness 
and  the  coarsening  of  the  surface  cf  speciten/s aaples. 


Thus,  the  strength  picperties  of  pure  tungsten  in  the  range  of 
teaperatures  froa  20  to  1700°C  cctpletely  strcrgly  depend  on  the 
prcducticn  method  and  value  of  its  surface  finish  and  virtually  do 
cct  depend  on  these  factors  at  higher  teaperatures,  which  will  agree 
with  the  data  of  the  weeks  cf  Darien  [168]  and  Jaffy  * see  [163]. 


The  alloying  of  tupgsten  is  very  promising  froa  the  point  in 
tiae,  an  inprovement  in  its  castah ilities  ard  tendency  toward  hot 
working,  and  also  aecharical  properties.  Parthcraore,  alloying  makes 
it  possible  to  increase  heat  resistance  and  heat  resistance  and 
resistance  of  recrystalli2aticn  [45,  166]. 


As  a result  of  studies  cf  the  mechanical  properties  of  the 


tungsten,  alloyed  by  the  stall  additions  pf  tclybdenua  (to  lo/o) , of 
titaniua  (to  0.02o/o)  , cf  niobiua  (to  <].05c/c)  and  of  rheoiua  (to 
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0*Q5o/c) , was  reveal/detcctcd  an  increase  cf  the  plasticity  in 
interval  of  1500-2200°C  by  15-20o/c  in  coaptrisca  with  unalloyed 
tungsten  at  the  virtually  identical  values  cf  ultimate  strength.  More 
essential  results  can  be  obtained,  by  increasing  the  content  in  the 
alloy  of  ^uch  alloying  cell/eleaents  as  aplybdecua  and,  especially, 
rhenina,  capable  together  uith  an  iaproveaert  in  the  technological 
properties  and  heat  resistacce  to  also  neutralize  the  action/effect 
cf  interstitial  inpurities  and  to  considerably  lower  teaperature  of 
transition  in  brittle  state  [3,  45,  163]. 

The  investigation  cf  the  heat  resistacce  cf  the  poured  alloys 
8— Mo  and  8-Re  was  carried  cut  ir  laairated  and  circular 
speciaen/saaples  in  an  interval  of  teaperatures  cf  800-2800°C. 

The  results  of  the  test  of  the  poured  pure  tungsten  and  its 
alleys  froa  3.12  to  67o/c  (throughout  vass)  ho  in  state  of  strain 
are  given  to  Fig.  167.  Kith  teaperatures  higher  than  1600#C,  the 
density  properties  of  pure  tungstep  and  alleys  i-3o /c  Ho  and  R-12o/o 
He  are  virtually  little  distinguished;  consideretl?  sore  powerfully 
is  softened  at  these  teaperatures  alloy  8-€7c/c  Ho. 


! 


During  testing  of  round  specimen/gamplcs  cf  alley  »-3o/o  Mo,  cut 
cat  from  aclding/bars,  tere  obtained  tie  higher  values  of  ultiaate 
strength,  than  for  flat/plare  laiiiated  speciae r/saaples,  as  is 
evidect  on  Fig.  168.  (It  shculd  be  tooted  that  in  the  fractures  of 
scie  laminated  specimen/saa pies  after  tests  chserved  the  longitudinal 
■icrocracks) . 


Tungsten  forms  with  molyfccenua  the  cgctinucus  number  of  the 
solid  solutions  for  which  the  characteristically  linear  increase  of 
the  melting  point,  module/mcdulus  aqd  density  at  an  increase  in  the 
ccntemt  of  tungsten  £3,  22].  It  turned  cut  that  for  strength 
preperties  also  is  fulfilled  a similar  dependence,  as  is  evident  from 
test  results,  presented  in  Fig.  169. 


The  strength  characteristics  cf  alloys  H- Be  were  determined  in 
flat/plane  laminated  specimen/samples  in  the  range  of  temperatures 
fr-cm  1200  to  27 00°C . Test  results  are  giver  tc  Fig.  170. 


nLr~r.~ 
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Fig.  169.  Fig.  17C. 

Fig.  169.  Change  of  the  liait  of  the  strength  cf  tungsten- aoly bdenum 
alloys  in  dependence  on  ccapositioa. 

Key:  J1).  , iN/i*  (kg/as2). 

Fig.  170.  Tenperature  elfect  on  the  nechanical  properties  of  the 
tengsten-rheniua  alloys:  1 - puce  tungsten;  2 - W-27c/o  Be ; 3 - 
i-1.2g/o  Re. 


Key:  |1) 
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Ultimate  strength  and  elcngaticn  per  unit  length  of  alloy  «-27o/o  Be 
is  considerably  higher  than  for  unalloyed  tungsten,  the  strength 
properties  of  the  alloy  indicated,  has  salted  in  vacuum-arc  furnace, 
reqder/shoved  were  very  close  to  tie  properties  of  the  alloy  of  the 
sane  ccaposition,  tut  subjected  tc  cathcde-iay  reaelting. 

/ 

The  high  heat  resistance  of  alloys  H-Ee  is  explained  by 

strengthening  solid  soluticr.  Is  expressed  also  assunption  about  the 

fact  that  the  positive  citcct  cf  rteriui  c|  the  plasticity  of 

tungsten  is  connected  with  a change  in  the  energy  of  interfaces,  as  a 
result  of  which  it  is  hinder/baspercd  by  the  fcrsaticn  of  the 
hpnndaries  of  the  grains  of  solid  films  of  cxides,  which  *re  usually 
preseat  iq  tungsten  [165]. 


In  Fig.  171  is  given  data  on  the  strength  properties  some  of 
investigated  alloys,  anc  alsc  pure  tungste;.  The  comparison  of  these 
results  shows  that  during  the  intrcductioa  addition,  especially 
rheniaa,  it  is  possible  tc  substantially  raise  strength  and 
plasticity  of  tungsten. 
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spae  alloys  of  the  tungsteq:  1 - tungsten  (cuted;  2 - tungsten 


ceriet;  3 - M-3o/o  Mo;  h - li-27o/o  Be 


Sp«  at  1200°C  Unit  of  the  strength  of  alkcj  S-27o/o  Re  is  equal  to 
785  Ml/a2  (80  kg/aa2)  in  ccapaiisoQ  with  5 5 C Ml/**  (53  kg/aa2)  for 
the  unalloyed  tungsten.  At  teaperatures  is  higher  than  2200°C  effect 
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of  rhenium  and  molybdenum  net  sc/such  substantially.  More 
considerable  strengthening  of  tungsten  can  ke  reached  by  t>he 
introduction  to  oxide  of  thorium  to  guantitj  1-2c/c,  or  the  dispersed 
particles  cf  carbide  of  taqtalua  [ 162]. 

The  study  of  fora  cf  fracture  of  the  speci xen/saaples  of  the 
poured  and  ceraet  tungsten  detected  the  existence  of  several  aost 
characteristic  teaperatcre  rapges  cf  the  pieces*  of  destraction. 

In  the  first  range  the  destruction  proceeded  via  breakaway, 
without  noticeable  signs  of  plastic  flow:  fer  the  poured  tungsten  in 
the  range  of  teaperatures  cf  2C-50C°C,  for  ceriet  tungsten  froa  20  to 
800°C. 

In  the  second  range  occurred  the  decc* position  cf  ceraet 
tangsten  in  the  range  of  teaperatures  froa  1C0C  to  2000°C,  for  the 
peured  tungsten  - froa  800  to  2200°C. 

On  Fig.  172a  shows  the  typical  viscous  fracture  of  the 
spcciaen/saaple  of  ceraet  tengsten  after  the  tests  with  1500°C.  Froa 
the  surface  of  the  working  section  of  speai xen/saaple  is  visible  the 
developed  network  of  cracks.  lr  the  case  cf  the  poured  tungsten  the 
appearance  of  aacrofiss tree  near  the  position  cf  fracture  could  be 
ebserved  at  -1700°C  (Pig.  172t),  the  size/disersiens  of  these  cracks 

I 
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considerably  Mere  increased  at  ~22C0°C. 

The  aicrostructural  analysis  cf  the  specimeo/samples  of  the 
poured  and  cermet  tungsten  shoved  that  the  cracks  pass  on  boundaries 
cf  the  grains  (Fig.  173),  i.e.,  in  the  secccd  temperature  range 
cccurs  intercrystalline  fracture. 


The  third  characteristic  temperature  rence  begins  for  cermet 
tungsten  from  200Q°C,  fci  poured  - frcm  22CC°C.  The  specimen/samples 
cf  cermet  tungsten  in  this  temperature  ranee  failed  themselves  via 
breakaway,  as  is  evident  frcm  Figs.  1631*  172a.  A quantity  of 
intergranular  cracks  considerably  tas  decreased  at  the  temperatures, 
clcse  tc  2600°C,  separate  grains  were  strorgly  deformed. 


The  specimen/samples  cf  the  peured  tungsten  after  testing  at 
teiperatures  of  ~2500-2700°C  did  net  have  surface  cracks  (see  Fig. 
172d) , Furthermore,  during  the  investigation  of  specimen/samples  near 
the  position  of  fracture  it  was  possible  tc  ncte  rough  bands  in  the 
ferm  <?f  folds.  Analogous  hands  observed  on  the  single  crystals  of 
tungsten  and  molybdenum  at  the  same  tea  per nt ere s [67,  12,  s.  626]. 


Ccmmunication/connecticn  cf  ferm  cf  frseture  of  the 


Mm 


specimen/samples  of  tungster  with  the  strength  properties  will  be 
discussed  at  the  end  of  the  present  chapter. 
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Molybdenum . The  investigation  c£  tfce  mechanical  properties  of 
aclybdenum  and  its  allojs  is  carried  cut  ip  tfce  range  of  temperatures 
from  20  to  2000°C  on  the  materials,  obtained  by  the  methods  of  powder 
metallurgy  and  by  vacuum-arc  melting. 


Cage  2 12. 


The  mclding/bars  of  cermet  molybdenum  (fcy  size/dimensions 
15x15*500  mm),  prepared  on  technology  accepted  [3,  731,  were 
subjected  to  hot  working  in  rotary  forcing  iachir.es  at  temperatures 
of  1200- 14 00°C  before  ottairing  of  the  rods  of  the  diameters  of  8-10 


fig.  172.  Nature  of  the  decc  «p  csit  ic  r cf  tur.gster  at  the  high 
teaperatures:  a,  b)  cernet  (x4)  ; c,  d)  poured  (xIO). 
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Ihe  cqaaon/general/total  impurity  content  in  material  on  exceeded 
C.lo/q,  in  this  sue  entered  cne-and-cne-ha If  oxides,  nickel,  oxides 
cf  silicon,  calcium  and  aagnesiua  in  the  following  quantities: 
0.04o/o  HjOjJ  0 .02 o/o  Ni;  0.03c/o  Si02j  0.CC8c/c  (CaG+HgO) . 

One  batch  of  specimen/saaples  to  heat  treatment  they  did  not 
subject  to,  aqother  batch  tley  annealed  in  tacuci  1.33  sn/u*  (1«10  * 
■a  Hgl  for  1 h with  145C°C. 


Cast  aolybdenua  was  obtained  in  vacuuB-arc  furnace  with  the 
ccnsuaable  electrode  (rate  cf  Belting  -5  kg/ain)  ; it  had  the 
following  cheaical  coapcsition:  ~0.02o/o  C,  <0.001o/c  Cr , n;  , Al,  Ti; 
<0.00 Ic/o  H2,  N2  and  - ( 1-5)  • lO-^c/c  02. 

The  study  of  the  strength  properties  vas  conducted  in  the 
deformed  a rd  annealed  speciaen/saaples  (in  vacuum  with  1400°C  for  1 
h)  of  the  poured  aolybdenua. 

las  investigated  also  the  effect  of  alloying  on  the  aechanical 
properties  of  moly bdenui.  Into  the  charge  ct  the  poured  aolybdenua, 
they  added  by  ~1o/o  (thrcughout  mass)  Nd. 


Powder  aolybdenua  they  allcyec  by  the  finely  dispersed  particles 
Zr02  And  ZrN  in  quantity  s-lo/c  (throughout  Bass).  Alloys  Ho-Zr02  and 
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nc-ZrM  were  obtained  on  technology,  developed  in  the  institute  of  the 
pxobless  of  the  science  of  saterials  of  AS  IkSSB.  The  hot  pressing 
was  dgne  at  1750°C.  The  otteincd  blarks  tpclcd  with  the  sabseguent 
extrusion  during  the  installation  cf  tie  institute  of  the  physics  of 
■etals  cf  the  AS  USSR  [170]. 
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Fig.  173.  Fora  of  fractere  cf  cermet  tungsten  vith  2200°C  (x500)  . 


Eage  214. 


Short-time  tests  uith  elongaticn  ccnductec  both  in  the  vacuum 
and  in  inert  mediua  (helium)  taking  intc  account  the  systematic 
special  feature/peculiarities,  presetted  ir  Chapter  I. 


The  results  of  the  invest igaticn  cf  the  strength  properties  of 
cermet  molybdenum  are  given  in  Table  24  and  cn  the  poured  molybdenun 
in  Tables  25  and  26. 
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Table  24.  Temperature  effect  oc  the  mechanical  properties  of  cermet 

aclybdenua. 


^ Tcumptryp* 

■CnUTtBMt , 

-c 

(l)  V 

Mh  (ieriMMa) 

Q>  *«> 

Mh!m • (| icriMM ') 

».  % 

20 

510  (52,0) 

294  (30,0) 

35,0 

300 

314  (32,0) 

— 

47,0 

500 

265  (27,0) 

78,5  (8,0) 

48,0 

1000 

167  (17,0) 

59  (6,0) 

47,0 

1250 

133  (13,5) 

55  (5,6) 

45,0 

1300 

110(11,2) 

51  (5.2) 

43,0 

K«j:  11).  Temperature  of  the  testing,  *C.  (2>.  MN/a  2 (kg/am2). 

Table  25.  Temperature  effect  cn  the  aecfaaoical  properties  of  the 

defccaed  aclybdenua  of  tacuua-atc  aelting. 


(i) 

TcMnepcTypa 

mcnu-raiim, 

°C 


(%) 

' Mum'  mr /mm*) 

(\)  *o> 

Mum'  ( urium *) 

640  (65,0) 

470  (48,0) 

255  (26,0) 

114  (11,6) 

109  (11,0) 

44  (4.5) 

515  (52,5) 

226  (23,0) 

78,5  (8,8) 

62  (6,3) 

Key:  11).  Teaperature  of  testing,  °C.  (2M  E I/i2  (kg/am2). 

Table  26.  Temperature  effect  cr  the  irecbanical  properties  of  the 

aaqealed  aclybdenua  of  vacuum-arc  aelting> 


to 

TtwwptTTpt 


V 

Mum  i*ri*M •> 

p£>  ■ *o,2- 
mum  (w  mm 

540  (55,0) 

295  (30,0) 

128  (13,0) 

98,1  (10.0) 

325  (33,0) 

59  (6,0) 

29,5  (3,0) 

Key:  11)-  Testing  temperature,  °C.  (2)2  Bl/a*  <kq/aa*)2 
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On  Fig.  174,  is  shewn  the  tenperature  dependence  of  strength  and 
the  plasticity  of  cernet  aclybdenua.  Curing  the  first  stage  of  the 
increase  of  testing,  teaperature  occurs  sharp  reduction  cf  strength 
[at  300°C  Unit  of  the  strength  of  the  work-hardened  nolybdenua  it  is 
approyiaately  392  h^H/a2  (40  kg/na2)  ],  with  further  increase  of 
teapezature  to  12Q0°C  tc  curve  is  ebserved  tore  slanting  section. 


The  phenenenon  of  the  ccnsideratle  softening  of  cernet 
■clybdenun  at  elevated  teaperatures  they  observed  also  during  the 
investigation  of  the  hot  hardness  (see  Fig.  132). 


At  teaperatures  of  testing  gcra  than  1100°C,  occurs  the  intense 
softening  of  the  cernet  aclybdenua  (see  Fig.  174),  which  in  this 
case,  apparently,  is  cacscd  by  the  recrystallization,  which  takes 
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place  in  material  at  the  temperatures  indicated.  In  the  temperature 
range  of  collecting  recrystalli2aticn  l150C-ieCC°C)  the  strength 
prapesties  are  measured  less  substantially. 

Ihus,  on  curved  temperature  dependence  cf  strength  of  cermet 
molybdenum  it  is  possible  tc  separate,  just  as  for  tungsten,  three 
breaks  - one  low-temperature  at  30C°C  and  two  fc igh-temperature  - with 
1C8C  and  1500°C. 

Analogous  course  hss  tfce  temperature  dependence  of  strength  and 
plasticity  of  the  poured  molybdenum  of  vacuum-arc  melting  (Pig.  175). 

Is  can  be  seen  frem  the  presented  results,  the  properties  of 
mclybdenum  after  peening  tnc  after  anomalies  arc  distinguished 
completely  insignificantly. 
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fig.  174.  Dependence  of  strength  ayd  the  plasticity  cf  cermet 
molybdenum  on  the  temperature:  1 - deformed;  2 - annealed* 


Key:  /I).  — , MN/m * (kg/mm*) 


Page  216. 


Certain  increase  of  the  limit  cf  the  strength  of  cermet  molybdenum  at 
temperatures  is  more  than  1C80°C,  obviously,  ccrnected  with  higher 
impurity  content  which  shift/shear  the  beginning  of  the 
recrystallization  of  the  sintered  material  to  tie  higher  temperatures 
and  to  a certain  extent  brake  its  development.  As  it  was  shown  in 
[U],  in  the  case  of  the  ncqunifcrm  distribution  of 
iapurity/adaixtures  in  the  sintered  molybdenum  wires,  was  observed 
the  delay  of  recrystall izat ion. 
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F^g.  175.  The  coe pa risen  of  the  teaperature  dependences  of  the 
■echaaical  properties  of  ■clybdenua  in  different  state:  1 - poured;  2 
- sintered;  3 - sinterec  and  annealed;  4 - peured  and  annealed. 

Key;  II).  — , IlN/n*  (kg/Ri2). 


Cage  217 
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Furthernore,  braking  grain-grcwth  can  le  attributed  because  of 
the  effect  of  the  dispersed  particles  cf  oiides  cn  grain  boundaries. 

Berk  [ 12,  p.  626]  shows  that  in  the  specific  temperature 
intervals  the  segregaticn  cf  iapurity/adaiitures  can  lead  to  the 
decrease  of  cohesion/cocpling  between  grains  ard,  as  a result,  to  a 
reduction  in  the  strength  properties,  which,  apparently,  and  was 
observed  at  temperatures  of  20-300°C  (see  Fig.  174)  . 


78133007 


Fig.  177.  Fora  of  fractcre  cf  the  specinea/saaf les  of  the  molybdenum 
a),  cexnet,  20°C;  h)  the  same,  1750cC;  c)  peered  fcy  20°c. 


peciaen/saiples  cf  aolybdenua 


At  roca  temperatures  it  was  otserved  teth  the  brittle  and 
ductile  fracture  of  the  s peciaen/saaples  of  ceriet  molybdenum  mith 
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necking,  moreover  in  the  latter  case  of  6+30o/c  and  This 

difference  in  the  plastic  properties  cf  the  ceriet  melybdanum 
(research  were  conducted  for  two  batches  of  specimen/sanples,  very 
close  in  ccmpositicn)  is  ccrnected  with  the  fact  that  the  rooa 
temperatures  correspond  to  the  rarce  cf  tcarsiticn  from  plastic  state 
iHtc  brittle,  which  in  the  case  of  mclytde^um  stretches  from  -100  to 
♦ 1CC°C  [73]. 


Jcured  the  molybdecum  cf  vacuum-arc  melting  in  all  investigated 
temperature  range  had  viscous  fracture. 
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Fig.  178.  The  comparison  cf  the  Mechanical  [rcperties  of  molybdenum 
and  its  alloys:  1 - mcljbderum  joured;  2 - ceriet  Molybdenum;  3 - 
Mc-lo/c  Nd;  4 - Ho-ZrN;  5 - alloy  VB-1. 

Fey:  |1).  MN/m2  (kg/ai2). 

Cage  219. 

On  the  surface  of  tbe  specime c/sai pies  cf  cermet  molybdenum 


after  tests  at  the  temperatcres  higher  than  150C-160C®,  it  was 
possible  tc  note  the  large  strains  (see  Fig.  177),  which  present 


■ 
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micro-  and  macrofissures  cn  grain  boundaries. 

Thus  the  molybdenum  of  industrial  pur ity/f icish  at  temperatures 
higher  than  1000°C  loses  strength,  obtained  during  preliainary  strain 
(rolling  or  forging).  Consequently*  an  inarease  in  the 
high-temperature  strength  cf  molybdenum  depends  on  the  increase  of 
the  temperature  of  recr jstallizaticn,  which  car  be  reached  by 
alloying.  In  particular,  is  very  premising  the  utilization  of 
rare-marth  metals  as  small  ones  addition  tc  the  refractory  metals 
which,  being  deoxidizers  and  degasifers,  also  strengthen  solid 
solution  and  increase  tbe  temperature  cf  the  beginning  of 
recrystallization  [172]. 

The  investigation  cf  the  strength  properties  of  alley  Mo-lo/o  Nd 
shewed  that  during  introduction  lo/o  Nd  the  liiit  the  strength  of 
material  is  increased  by  23c/c.  Sc,  poured  iclybdenum  has  o,=255 
MN/m2  (26.0  kgf/mm2),  ard  alloy  Ho- lo/c  Nd  has  ultimate  strength, 
equal  to  305-313  tt N/m2  (31-32  kg/mm2).  furthermore,  as  can  be  seen 
from  Fig.  178,  the  threshold  cf  softening  somewhat  is  shift/sheared 
into  the  range  of  higher  temperatures. 

The  more  essential  effect  of  strengthening  molybdenum  can  be 
achieve/reached  during  tte  introduction  of  the  finely  dispersed 
particles  cf  oxide  of  zirccriun  and  nitride  of  zirconium  fin  quantity 
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5-7c /q)  , as  is  evident  frcm  the  preliminary  results,  presented  in 
Table  27  and  in  Fig.  176. 

Temperature  effect  on  the  mechanical  properties  cf  niobium,  tantalum 
and  alloys  on  their  basis. 

liobium,  tantalum  and  especially  alleys  cr  their  basis  are 
premising  structural  materials  fer  a verb  at  elevated  temperatures 
[21,  22,  24,  27,  78]. 

In  this  paragraph  are  represented  the  results  of  the 
investigation  of  strength  and  plasticity  of  the  pclycrystalline 
niebimn  cf  commercial  frequency,  ohtained  ty  the  method  cf  powder 
metallurgy,  by  vacuum-arc  and  electrcn-heai  melting. 

The  chemical  composition  cf  tie  investigated  materials  was  given 
in  Table  3. 

The  specimen/samples  cf  compact  cermet  nictium  were  prepared 
frem  initial  molding/tars  ty  length  -SCO  si  ty  secticn/cut  17x20  mm. 
From  mclding/bars  were  aade  circular  s peci len/s amples  4.0  mm  in 
diameter,  laminated  specimer/samples  in  ficcl  mind  kept 
siie/dimensions  of  secticn/cut  5x1.0  si  and  length  60  mm.  The  part  of 
the  specimen/samples  subjected  to  annealing  with  1200°C  fpr  1 h in 
vacuum  1.33  Il/m*  (1*10-*  mm  Hg). 
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The  ingots  of  niobiun  and  tantalum,  smelted  in  vacuum-arc 
furnace,  subject  to  consecutively  to  forging  ard  unrolling  to  sheet 
1.0  mm  in  thickness.  One  tatch  cf  s pecisen/sam p les  they  anneal  at 
1200°C  for  1 h in  vacuua  1.33  BN/m*  ( 1 • 10  5 kb  fig). 

Furthermore,  the  part  cf  tie  aclding/tars  cf  ceraet  niobium  they 
will  remelt  in  cathode-ray  setting  up  in  tie  institute  of  the 
electric  welding  ia.  Ye.  0.  Eaton.  The  obtained  ingot  50  am  in 
diameter  are  subjected  to  tie  ccld  telling.  The  value  of  reduction 
with  first  pass  composes  7C-80o/o.  Frca  sheet  7.0  am  in  thickness  in 
parallel  to  direction  of  rolling  were  cut  the  s pecimen/saaples  3.0  mm 
in  diameter  and  of  working  part  15  am  ic  lerg.  The  remaining  part  of 
the  sheet  7.0  mm  in  thickness  will  rcll  out  into  sheet  1.0  mm  in 
thickness.  Flat/plane  laminated  spcciaen/sa a pies  have  section/cut 
5x1.0  aa  and  common/gener al/total  length  60  am. 


As  is  known,  niobium  and  tantalum  are  very  sensitive  to  the 
conditions  of  test  work  (deformaticn  rate,  medium,  etc.) . For  correct 
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estimation  and  the  comparison  of  the  obtained  results,  it  is 
necessary  to  have  a representation  of  the  basic  systematic  special 
feature/peculiarities  of  tests. 

Hiobiua  and  tantalum  experience/test  ir  vacuum  not  worse  than 
1.33  sn/«*  C 1 • 1 0 ♦ mm  Hg)  at  operating  temperatures  (tantalum  is 
experience/tested  at  a pressure  2.66  HN/a*  1 2 • 1 0 — * ms  Hg);  inleakage 
into  vacuus  system  does  not  exceed  C.1  fiL/s. 

The  part  of  the  spcciaen/sasp les  of  cermet  niobium  test  in 
argen^  in  this  case  the  total  time  of  testing  it  is  5-10  min. 


Table  27.  Higb-teaperature  aecbanical  character istics  of  aolybdenun 


also  pf  its  alloys. 


(0 

Mirtfuj 

P? 

llpuci  npowomi,  Ma/a*  (af/aa*), 
apa  T«uaeparyp«,  *C 

nr 

OraocarcataM  jruaae- 

*•  MV^—P^P* 

A. 

20 

1000 

1300 

1700 

30 

1000 

1300 

1700 

(V/ 

Mo^n6flen  MeTa.i- 
JiOKepaMHiecKHfi, 
9KCTD V AHpOBa H - 
Hhlfl 

— 

334-374 

(34-38) 

— 

54 

(5,5) 

— 

2-3 

— 

20 

Cnjiaa  ^ 

Mo— Zr02 

942 

(96) 

334-413 

(35-42) 

128-158 

(13-16) 

56 

(5.7) 

13 

1-2 

5 

13 

Ciuw  (CD 

Mo — ZrN ' 

USO 

(113) 

670-710 

(68—72) 

472 

(48) 

55 

(5.6) 

6 

3-7 

5 

50 

Keys  I1)-  Haterial.  (2).  Lisit  of  strength,  Nta/a2  (kg/a«*)  , at 
teaperature,  °C.  (3).  Elongation  per  unit  length,  o/o,  at 
teapexature,  °C.  (4).  flelybdenun  (ceraet,  extruded).  (5).  Alloy. 

Page  221. 

Heating  in  vacuua  aanufacture  under  the  following  conditions: 

1)  slow  tenperature  rise  to  3C0°C  with  heating  and  degassing  of 
systea  during  10-15  ain  during  the  naiqtenance  of  vacuua  not  worse 
than  2.66  N^N/a2  (2*10”"»  na  Hg)  ; 


2)  teaperature  rise  to  the  assigned/prescribed  values  during  5 
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■ iq;  in  this  case,  vacuus  in  system  maintain  within  the  limits  of 
3.99-5.32  HN/m*  (3-4-10-*  it  Hg)  ; 

3)  holding  before  leading  net  mere  than  3 min; 

U)  testing  during  10-15  min,  which  coirespcmds  to  the  velocity 
cf  loading  v3=0.4-0.6  arn/min  either  rate  cf  relative  deformation  ve 
=5*10— 4 s"» . 

The  measurement  of  strain  and  the  determination  of  yield  limit 
was  manufactured  with  the  aid  of  aicrocathetcaeter  or  by  the  periodic 
photographing  of  the  clearance  between  the  lug/lcbes,  welded  to  the 
kncb/caps  of  tensi le-st length  specimens. 

Niobium.  The  strength  and  plastic  properties  of  niobium  are 
determined  in  the  range  of  temperatures  from  20  to  1900°C. 

The  temperature  dependences  of  the  mechanical  properties  of  the 
niobium,  obtained  by  the  methods  of  powder  metallurgy,  by  vacuum-arc 
meltiog  and  cathode-ray  remelting,  are  represented  in  Fig.  179-181. 
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Fig.  179.  the  dependence  of  the  necharical  {tcF«rtie£  of  cernet 

niobin.  on  the  tenperatcre:  a)  deferred  (red);  k)  the  sheet,  annealed 
at  1200°C  in  vacuus;  1 - vacuun;  2 - argon. 

Fey:  (1).  «»/■*  (kg/nn*). 
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figures  179a  shows  that  the  linit  cf  the  strength  of  rod  cernet 
mobiwn  with  the  increase  of  tenperature  is  decreased  to  226  HN/a* 
(23.0  kg/an*)  at  400®C.  Subsequently  is  observed  the  snail  increase 


EOC  » 78133008  PIGE  / ' 

0|  tp  236  NN/n2  (24  kg/ma2)  at  60C-800°C,  which  can  be  caused  by 
aging  process  under  conditions  of  heating  under  the  action/effect  of 
stress.  Furthermore,  a chance  in  tie  strength  and  plastic  properties 
cf  niobiua  can  be  caused  by  the  contaminaticn  of  the  surface  layers 
of  material,  if  during  test  work  by  protective  medium  is  technical 
argon  or  helium  and  time  of  tests  relatively  greatly  (15-20  min).  In 
Fig.  179  for  a comparison,  are  given  the  results,  obtained  during  the 
tests  in  inert  medium  ard  ir  vacuua,  frcm  which  it  fellows  that  an 
increase  in  ultimate  strength  and  a reduction  in  the  plasticity  of 
laminated  cermet  niobium  (Fig.  179b)  at  ~5CC°C  is  caused  by  the 
effect  of  the  inpurity/adnixtures,  which  are  contained  in  argon. 

the  tests  of  the  poured  niobiua  of  vacuum-arc  plate/bar  and 
after  cathcde-ray  renelting  are  conducted  in  vacuua.  Nevertheless  on 
the  carved  temperature  dependence  cf  the  strength  of  the  niobium  of 
vacuum-arc  melting  (Fig.  180)  at  -500°C  is  observed  considerable 
peak. 

It  is  known  that  the  maxiauns  on  the  curves  of  the  temperature 
dependence  of  the  internal  friction  of  niobium  with  200  and  400°C 
[97]  and  straight-line  relationship  of  the  modulus  of  elasticity  with 
small  lift  curved  in  the  temperature  range  cf  5CC-800°C  [21]  are 
caused  by  presence  in  the  material  of  carbon,  nitrogen  and  oxygen. 
Thus,  is  a specific  interre laticn  between  tbe  phenomena,  observed 
daring  the  study  of  strength  and  internal  friction,  «d  also  the 
elasticity  characteristics  cf  niobiun. 
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Fig.  180.  The  teaperature  dependence  of  the  liiit  of  strength  and 
plasticity  of  the  poured  nicbiua  of  the  vaccua-arc  aelting:  1 - 
deforaed;  2 - annealed. 

Key:  <1).  MN/m*  (kg/mm*). 

Page  223. 

Furthermore,  works  [20,  163]  show,  that  the  interstitial 
iapurities  in  niobium  acd  tantalum  with  50C-8CG°C  brake  aovement  of 
dislocation  and  thereby  they  lead  to  the  increase  of  ultiaate 
strength. 

The  expressed  above  considerations  cccfiri  the  results  of  the 
investigation  of  the  strength  and  plastic  properties  of  the  niobiua 
of  the  high  surface  finish  value,  cbtained  after  none-  and  twofold 
reaelting  during  cathode-ray  setting  up.  These  results  are 
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represented  in  the  fora  of  graph  in  Fig.  181,  frcn  which  it  follows 
that  wltiaate  strength  with  the  increase  of  tewperature  is  decreased 
■cQOtpnically. 


Fora  of  fracture  of  the  s pcci len/sanp les  cf  niobiua  at  high 
teaperatures  illustrates  Fig.  182.  After  tests  is  observed 
considerable  cracking  over  an  entire  surface  cf  the  working  section 
cf  the  speciaen/saaple  cf  ceraet  niobiua,  at  the  sane  tiae  in  the 
speciaen/saaples  of  the  poured  niobiua  cf  cracks,  it  was  not.  Crack 
foraaticn  they  observe  in  the  process  of  the  deformation  of  sintered 
nickel  [160],  and  also  cf  aclybdenua  and  tungsten,  as  interlocked  in 
the  preceding/previous  paragraphs. 


Bor  the  speciaen/saaples  cf  the  deforned  niobiua  of  cathode-ray 
rewelting  in  the  range  cf  teaperatures  of  2C-80C°C,  was 
characteristic  saall  plastic  deforiaticn  in  the  range  of  neck. 


As  a result  of  the  conducted  investigations,  establish/installed 
that  the  strength  properties  cf  pere  niebiwi  in  the  teaperature  range 
cf  900-1000°C  are  relatively  lew  and  therefore  further  increase  of 
its  heat  resistance  and  beat  resistance  can  be  reached  by  alloying. 

In  connection  with  this  were  investigated  tie  strength  properties  of 
ciobiwa  fusions  with  different  content  of  aclybdenua,  tungsten, 
zirconiua  and  vanadiua. 
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Fig.  181.  Temperature  effect  on  the  mechanical  properties  of  the 
niobium  of  electron-beam  melting:  1 - after  the  single  remelting  of 
rods;  2 - twofold  remelting  of  rods;  3 - the  same,  specimen/samples 
laminated. 


Key:  XI).  HN/n*  (kg/mm*) 


Alloys  were  obtained  via  the  renelting  cf  the  mclding/bars  of  niobium 
in  electron-beam  furnace,  after  which  to  annealed  in  vacuum  for  1 h 


with  1«00°C 


The  comparison  of  the  obtained  results  Bakes  it  possible  to  make 
the  conclusion  that  the  alloying  of  niobium  with  the  cell/elements 
indicated  increases  the  limit  cf  strength  with  1200°C  by  SO-6O0/0 

(fable  28)  . It  is  necessary  to  note  that  at  these  temperatures 
noticed  the  essential  difference  betseen  the  strength  of  three-  and 
foar-dcnponent  alloys. 


DOC  = 78133008 


PAGE 


fig.  182.  Specimen/samp les  cf  niobium  after  the  irechanical  tests:  a) 
poured,  testing  in  vacuum  (*4) ; b)  cer*et,  testing  in  argon  (x6) . 

Cage  22 5. 

The  temperature  dependences  of  the  mechanical  properties  of  the 
investigated  aaterials  are  given  tc  Fig.  183. 
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Table  28.  Mechanical  properties  of  nicbiua  and  oiobiua  alloys  with 
12  00°C. 


MarcpMji  CM 

%m/m'  <, kJ  Imm ') 

*.  % 

MeTiMOKepaMHiecKHA  hhoOhh 

\ 78,5—88,5  (8, 0-9,0) 

30,0 

HiioChA  9^eKTpoHHOJiyqeBoro 

neperutaiia  

V 

59  (6.0) 

47,5 

Nb  -Mo-W-Zr  * . 

13,8  (14.0) 

20,0 

Nb-Mo-W* 

128  (13,0) 
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ECCTNOTB  ».  Alloys  were  obtained  or  techiiolcgy , developed  by  I.  S. 
Malashecko  in  the  institute  of  the  electric  welding  of  AS  (JkSSF. 

Key:  <1).  Material.  (2).  Hl/a*  (kg/aa*).  (3).  Ccreet  niobiue.  (4). 
Sicbiua  of  cathode-ray  reaelting. 
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Fig.  183.  Comparison  of  mechanical  properties  of  niobium,  obtained  by 


different  methods:  1 - electron-beam  melting,  sheet;  2 - »acuu«-arc 
melting,  sheet;  3 - ponder  metallurgy,  sheet;  4 - the  sane,  rod;  5 


alloy  VN-2,  sheet;  6 - the  same,  rod 


Key:  < 1)  . MN/n*  (kg/mm*) 


Tantalum  and  its  alloy.  Temperature  effect  on  the  mechanical 


properties  of  pure  tantalum  illustrates  Fig.  184.  As  can  be  seen  from 
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data  given  to  the  figure,  with  the  increase  of  testing,  teaperature 
the  liait  of  the  strength  cf  deforied  tantalus  (cathode-ray 
reaelting)  aonotonicall y descends  to  44  MN/a2  ( 4.^  kg/na2)  , and 
elcngatioq  per  unit  length  - to  3-4o/o*  at  650-800°C;  during  further 
teaperature  rise,  the  elongation  per  unit  length  is  increased  to 
40-50o/o.  On  the  curved  teaperature  dependence  cf  the  strength  of 
ccld-wcrked  tantalum,  it  is  possible  to  note  the  snail  area/site, 
which  testifies  to  strengthening  ic  the  ranee  of  temperatures  of 
65C-8C0°C.  Soaevhat  larger  strengthening  they  ebserved  during  the 
investigation  of  recrystallized  tantalua  (vacuui-arc  melting)  (see 
Fig.  184). 

Strengthening  tantalua  (just  as  nicbiui)  in  the  process  of 
deforaation  they  usually  relate  with  the  efiect  of  interstitial 
iapurities.  So,  works  [27,  173]  show,  that  cxycen  causes 
strengthening  tantalua  with  -350°C,  and  at  higher  teaperatures  the 
most  effective  strengthened/hardened  actio E/ef feet  exerts  nitrogen, 
the  value  cf  peaks  in  strength  curves  depending  on  oxygen 
concentration  and  nitrogen  in  tested  aaterial. 

On  the  aging  processes  of  taterials  ueder  stress,  as  is  known, 
it  is  possible  to  judge  by  the  discontinuity  of  deforaation  in  the 
process  of  the  loading  cf  aaterial.  During  the  test  work  of 
recrystallized  tantalua  in  the  teaperature  range  of  600-650°C  and 
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alloy  Ta-3o/o  V at  800°C,  ckserved  characteristic  teeth  on  diagran 
lead  - defernation  (Pig-  18f)  , which  testiij  tc  the  unstable 
character  of  plastic  defcraaticn. 

Ihe  obtained  results  of  the  irvestigaticn  cf  the  strength  of 
unalloyed  tantalun  will  agree  with  literatrre  data  [ 27,  162,  173]. 


Fig.  184.  Temperature  effect  on  the  mechanical  properties  of  pure 
tantalum:  1 - electron- team  meltinc,  ccld-wcrked  (sheet  - 1.0  mm);  2- 
vacuum-arc  melting,  the  annealed  sleet  (130C°C,  1 h). 


Key:  XI).  HN/m2  (kg/mm2). 

Page  227. 

For  example,  it  is  shown,  what  recrystallized  tantalum  at  room 
temperature  has  the  limit  cf  strength  440-490  ftrtN/m2  (45-50  kg/mm2) 
and  elongation  per  unit  length  within  limits  of  26o/o,  at  temperature 
of  750°C  - with  respect  tc  345  BN/m2  (35  kg/mm2)  and  40o/o;  with  the 
increase  of  temperature  to  1000°C,  ultimate  strength  is  decreased  to 
177-187  NN/m2  (18-20  kg/mm2) , and  elongation  per  unit  length  in  this 
case  composes  30-50o/o.  The  conducted  investigations  show  that  the 
strength  properties  of  pure  tantalum  at  high  temperatures  are 
relatively  low.  However,  tantalum  has  suff icier tly  geod  plasticity  in 
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tie  wide  teaperatuce  rarge  and  therefore  it  can  serve  as  basis  for 
■ aqy  alloys.  By  prospecting  investigations  [27]  establish/installed 
that  tungsten  as  the  alloyicg  cell/eleient  tas  capable  to 
considerably  increase  tie  h igh~tea pcrature  strength  cf  tantalua 
fusions  as  a result  of  the  fcraaticn  of  solid  scluticns  and  increase 
of  the  teaperature  of  recrysta] Jizaticn.  Ir  this  case,  tantalua 
fusions  with  tungsten  pcssess  gcod  technological  properties. 

The  nechanical  properties  of  alloys  Ta-S  are  investigated  in  the 
range  of  temperatures  frcn  20  to  1800°C.  On  the  tasis  of  experinental 
data,  are  constructed  curved  changes  of  the  lisit  of  strength  and 
plasticity  in  dependence  cn  the  ccspcsitior  cf  alloy  Ta-W  at  the 
investigated  teaperatures.  It  is  establish/installed  that  the 
alloying  of  tantalum  with  tungsten  causes  a considerable  increase  in 
the  strength  both  at  rocm  and  at  high  teaperatures  (Fig.  186). 
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Fig.  185.  Stress-strain  diagrams  of  taqtalui.^Ksy : (1).  Mfs/(kgf). 


Fig.  186.  Dependence  of  strength  and  plasticity  cf  alloy  Ta-W  on 
content  of  tungsten. 


Key:  <1)  • HN/m2  (kg/an2).  (2).  (throughout  lass). 

Page  228. 


I 

I 
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The  plastic  properties  cf  alloys  with  an  increase  in  the  content  of 
tungsten  deteriorate.  Highest  strength  properties  with  satisfactory 
plasticity  possesses  alloy  la-  lOo/c  S. 

The  investigations  cf  nechanical  properties  at  high  temperatures 
were  carried  out  for  alley  Ta  - lOc/c  H in  laainated 
s peciaen/sa spies.  The  obtained  results  are  represented  in  Fig.  187, 
where  for  a comparison  are  given  alsc  data  for  pure  tantalum.  Alloy 
Ta-IOo/o  W (in  as-received  ccnditicn)  as  a result  of  peening  has  the 
high  strength  properties  which  are  retained  appreximat ely  to  1200°c. 

' 

The  plastic  properties  of  the  annealed  material  in  the  range  of 
temperatures  from  20  to  800°C  are  consideratly  higher  than  for  that 
work-hardened  (laminated).  In  the  case  of  the  annealed  material  at 
temperatures  of  650-800°C,  as  in  the  case  cf  pure  tantalum,  is 
ebserved  the  dip  of  plasticity,  which,  apparently,  is  connected  with 
the  effect  of  interstitial  impurities. 

I 

The  decomposition  cf  s peci men/samp les  in  all  investigated 
temperature  range  bears  viscous  character,  with  exception  of 
temperatures  of  650-800°C,  when  sole  speciaen/samples  of  the  annealed 
alloy  have  brittle  failure. 


Ccamon/general/total  laws  governing  defermatien  and  decomposition  of 
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refractory  aetals  with  static  loading. 

In  the  preceding/previous  paragraphs  cf  this  chapter*  were 
represented  the  resalts  cf  the  investigaticr  of  the  teaperature 
dependences  of  strength  and  plasticity  of  refractory  aetals  and 
alloys  on  the  basis  of  tungsten*  aclybdenui*  niebiua  and  tantalua. 
accumulated  the  sufficiently  large  experiaental  material  )(is 
investigated  more  than  40  alloys  on  the  b&sis  of  refractory  aetals) 
therefore  it  is  expedient  tc  generalize  soae. 
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Fig.  187.  The  comparison  of  the  dependences  of  the  strength  and 
plastic  properties  of  tantalum  and  its  alleys  c>n  the  temperature:  1 - 
tantalum  of  electron-beam  melting,  sheet;  2 - Ta  - lOo/o  *f  rod;  3 - 
that  - lOo/o  V,  sheet. 

Key:  (1).  HN/m*  (kg/mm*). 

Page  229. 


For  this  purpose  it  is  possible  bo  dram  a comparison  of  the 
mechanical  properties  of  the  investigated  metals  and  alloys  at  high 
temperatures,  to  shorn  the  possibility  of  the  aralytical  description 
cf  the  temperature  dependence  of  these  properties,  and  to  also 


establish/install  commuc ic at ic n/cc n nect ion  cf  the  lams,  obtained  for 
the  strength  properties,  with  the  results  cf  measuring  of  hardness. 
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aodule/aod uli  of  elasticity  and  internal  friction  of  higb-aelting 
■aterials  in  the  wide  teaperature  cangc. 

The  teaperature  dependences  of  the  aechanical  properties  soae  of 
the  investigated  aetals  and  the  alleys  ace  given  in  coaparison  to 
Fig.  188  for  the  speciaen/saaples,  obtained  frea  sheets  and  rods. 

Data  this  figure  aake  it  possible  to  aanufacturc  the  evalaation  of 
the  possibility  of  use  cf  these  aaterials  it  the 

construct! on/designs,  working  under  varied  conditions.  It  should  be 
noted  that  the  bearing  capacity  of  parts  and  structural  cell/eleaents 
at  high  teaperatures  it  is  possible  to  estivate  only  on  the  basis  of 
the  data  on  stress-rupture  strength  and  creep;  however  the 
inferaation  about  aechacical  ones  to  properties,  obtained  during 
short-tiae  tests,  sufficient  for  the  selecticn  cf  the  aaterials  which 
are  intended  for  the  articles,  working  during  short  tiae  intervals. 

As  it  follows  froa  Fig.  188,  at  1200°C  pure  niobiua  and  its 
alloys  have  very  close  values  of  the  aechanical  properties: 

*138-158  H N/m2  (14-16  kg/aa2)  and  4=18-22o/c;  aclybdenua  pure/clean 
and  alloyed  has  ultiaate  strength  sore  than  197  RH/a2  (20  kg/aa2), 
but  aolybdenua  fusion  with  ritride  of  zirccriua  - 472  bN/b2  (48 
kg/aa2).  The  alloys  of  tantalua  with  tungsten  and  tungsten  alloys  at 
this  teaperature  also  retain  the  high  values  of  aechanical 
properties.  At  teaperatures  of  ~1500°C,  alleys  cn  the  basis  of 
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solybdenuB  have  liait  of  strength  -118-197  EN/m2  (12-20  kg/ma2) , 
tantalum  fusion  with  tungsten  - 197  HM/a*  (20  kg/aa2),  but  pure 
tungsten  and  its  alloys  - is  aore  than  295  EN/a*  (30  kg/aa2).  It  is 
ccapletely  logical  that  at  temperatures  it  is  acre  than  1800°C  most 
expedient  to  utilize  tungsten  and  its  alloys. 

Ihen  selecting  of  the  aaterials,  intended  for  a work  at  high 
temperatures,  is  necessary  to  consider  sany  different  factors,  such 
what  speed  and  the  nethcd  of  the  lead  application,  the  source 
distribution  of  heat,  dependence  of  strength  and  aodulus  of 
elasticity  of  aaterial  cn  temperature,  the  duration  of  work,  and  also 
relation  to  the  strength  of  aaterial  to  its  density  [161].  In 
connection  with  this  is  carried  out  the  ccipariscn  scae  of  the 
investigated  refractory  aetals  and  the  alleys  in  the  value  of  ratio 
/7  (Fig.  189).  Froa  curve/graph  Fig.  185  shews  that  the  niobiua  and 
aolybdenua  alloys  to  1200°C,  and  alloy  Ho*2rN  to  1500°C  in  comparison 
with  tantalum  and  tungsten  alloys  have  great  advantages  during  the 
utilization  of  the  constructicp/designs  whese  tctal  weight  is 
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Pig.  188.  Comparison  of  strength  and  plastic  properties  of 

investigated  refractory  netals:  a)  speciaeij/sa aples  make  aade  of 
■clding/bars  (1  - tungsten  poured  pore/clean;  2 - W-3o/o  Ho;  3 - 


aolybdenua  poured  alloyed;  4 - Ho-ZrN;  5 - nicliua  poured;  6 - alio 
Ta-IOo/o  U poured;  7 - Cr-4c/o  V - 0.5o/o  Kb)  ; t)  laminated 


speciaen/sanples  (1  - tungsten  poured  defocaed;  2 - W - 27o/o  alloy 


Be  poured;  3 - alloy  V - 3c/i  Ho  pcured;  4 - alloy  Ta  - lOo/o  W 
poured;  5 - niobium  poured). 


Key;  <1).  HN/n2  (kg/mm2) 
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Research  and  comparison  of  the  mechanical  properties  of 
different  metals  is  expedient  tc  ccqduct  at  congruent  (homologous) 
temperatures  [ 19,  186,  192]  and  in  this  case  tc  the  temperature 
dependence  of  mechanical  preperties  to  present  in  the  coordinates  of 
common  ones:  o,=f  (-J—  Vocsemilogarithmic  omes  \no=f(~—\.  In  the 

' inji  ' 'JIM' 

latter  case  more  distinctly  are  developed  tie  characteristic  features 
of  the  behavior  of  different  metals  with  a change  in  temperature.  So, 
frem  the  results,  presented  Fig.  190  it  is  apparent  that  shows  in 
temperature  range  to  0.4rDjithe  strength  properties  depend  to  a 
considerable  extent  on  the  degree  cf  preliminary  peening,  the 
purity/finish  of  the  metal  and  many  other  factors,  while  in  the  range 
of  temperatures,  which  exceed  0.57V-,.  the  strength  properties  they  do 
not  virtually  depend  on  the  state  of  the  material  (experimental 
points  are  packed  to  one  carve). 


Hany  researchers'  works  establish/installed  that  the  temperature 
dependences  of  the  characteristics  cf  the  resistivity  of  metallic 
materials  to  deformation  can  be  expressed  with  the  aid  of  following 
equation  [ 174-178]: 

Af2  = M,e- (5.1) 


where  Ht  - mechanical  characteristic  at  temperature  t, ; 
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■2  - the  sane,  at  temperature  t2; 

$ - temperature  coefficiert. 

By  s.  I.  Gubkin  he  established  that  the  temperature  coefficient 
depends  on  following  factors; 

1)  the  character  of  the  stressed  state; 

2)  the  degree  of  deformation; 

3)  the  rate  of  defcrmaticn  (the  greater  the  deformation  rate, 
the  lesser  the  temperattre  coefficient); 

4)  the  coefficient  of  external  fricticn; 

5)  the  physicochemical  state  cf  substance  [ 176,  178  ]. 

Te.  M-  Savitskiy  will  assume  that  many  phenomena  and  the 
processes,  connected  with  the  transition  of  material  from  unsteady 
state  into  more  stable,  and  also  with  fcrmaticn  and  increase  in  the 
nuclei  cf  new  phase  (recrystallization,  crystallization,  relaxation, 

diffusion,  etc.),  sufficiently  accurately  describes  empossntial 
temperature  dependence  [178]. 
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Fig.  189.  The  dependence  of  the  specific  strength  of  refractory 
metals  and  alloys  on  the  temperature:  1 - tungsten  poured  pure/clean; 
2 - W - 3o/o  alloy  Mo  poured;  3 - Po-ZrK;  4 - molybdenum  alloyed:  5 - 
tantalum  poured  pure/clean;  6 - Ta-ICo/o  «;  7 - niobium  poured 
pure/clean. 


Page  232. 

Westbrook  [179]  will  examine  in  detail  the  numerous  data  on  the 
dependence  of  hardness  cn  temperature,  aqd  also  the  existing 
equations  of  the  temperature  dependence  of  hardness,  and  it  will 
arrive  at  the  conclusion  that  Jto  [180]  and  independent  of  it  to  V. 

F.  Shishokin  [174]  they  will  propose  the  acst  satisfactory  expression 
of  this  dependence 


H = Ae~'T , 


<5.21 
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where  T - temperature,  °K; 


A - value  of  hardness,  extrapclated  tc  0°K; 


a - temperature  coefficient. 


'I 


The  expression  of  Ito-Shishok  in  predicts  the  finite  value  of 
baldness  with  absolute  sere  and  the  tendency  cf  hardness  toward  zero 
with  the  infinite  increase  cf  temperature. 


During  the  logarithmic  operation  of  expression  (5.2)  we  obtain 
the  dependence 

ln//  = lni4  — «7\  ? (5.3) 

being  the  equation  of  straight  line.  In  actuality  dependence  is 
proved  to  be  more  complex  and  graph  In  H-T  takes  the  form  of  broken 
line.  Furthermore,  the  temperature  dependence  of  the  hardness  of  the 
metals,  subjected  to  aging,  is  not  subordinated  to  equation  (5.2). 


I 

Breaks  on  graphs  In  H-l  are  of  two  types:  with  sharp  vertical 
rupture  or  with  sudden  slope  deviation  witheut  rupture. 


I 
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Fig.  190.  The  dependence  of  the  strength  atd  plastic  properties  of 
refractory  metals  on  the  temperature:  1 - tungsten  poured;  2 - 
tungsten  alloy;  3 - tungsten  sintered;  4 - aclytdenun  poured;  5 - 
■clybdenum  sintered;  6 - niebium  poured;  7 - tantalum  alloy;  8 - 
tantalum  poured. 

Key:  <1).  HN/m*  (kg/mm*). 

Page  233. 

First  type  break  with  rupture  is  oiserved  fer  those  metals  which  have 
allct.rcpic  change  at  this  temperature,  for  exaiple  fer  cobalt, 
titanium,  zirconium  (Fig.  191)  *. 

f C CTMOTE  4.  Graphs  in  Fig.  191-194  are  constructed  according  to  H.  G. 
lct«ia*iy'«  data  [ 107].  endfooinote. 


1 
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For  cobalt  at  the  temperature,  equal  tc  0,42rnjI,  or  to  the 
homologous  temperature,  equal  to  0.42,  occurs  the  abrupt  change  in 
the  value  of  hardness,  connected  mith  transf criation  a-»0.  The 
analogous  transformation  cf  titanium  occurs  at  homologous  temperature 
0*58,  and  for  zirconium  - mith  0.53. 

ft-  i 

Second  type  break  mith  slope  deviation  ccctrs  at  temperatures 
about  (0.5-0.55) rM.  This  high-temperature  break  observe  many 
researchers. 

■estbrook  [179]  examines  these  hardnesses,  available  in  the 
literature,  and  will  establish/install  the  universality  of 
high-fcempe rature  break. 

Figures  192  and  193  depict  the  temperature  dependences  of  the 
hardness  of  pure  metals  mith  pronounced  high-temperature  break.  The 
temperature  dependences  cf  the  hardness  of  pclycrystalline  and 
single-crystal  copper  (fig.  194)  shorn  that  in  the  case  of  single 
crystals  the  high- temperature  break  is  misaligned  to  the  side  of 
higher  temperatures  (s.  0.55  to  0.69). 
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By  Petti  [181]  are  brought  the  proofs 
metals  there  is  second  type  one  additional 
temperature.  Low-temperature  discc rtiruity 
and  molybdenum  is  observed  at  temperatures 


c t >the  fact  that  for  some 
break  near  room 
cf  carves  H-T  for  tungsten 
telcm  0 XT*.  trig.  195). 


Fig.  191.  The  temperature  dependences  of  the  hardness  of  cobalt, 
titanium  and  zirconium. 


K®ys  (1)  • HN/m*  (kg/mm2).  (2).  Homologous  temperature. 
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Fig.  192.  Temperature  dependences  cf  hardness  cf  iridium,  rhodium 


nickel,  platinum,  palladium 


key:  XI)  • HN/m2  (kg/mm2).  (2).  Homclogaus  temperature 


Fig.  193.  Temperature  dependences  cf  the  hardness  cf  copper,  silver 


i 
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Kel:  i*)  • NN/m*  (kg/mm2).  (2).  Hcuclcgcus  temperature. 

Fig.  194.  Temperature  dependences  cf  hardness  pcly-  (1)  and 
single-crystal  (2)  copper. 

Key:  i 1) . HN/a2  (kg/aa2).  (2).  Honclogous  temperature. 

Page  235. 

Has  deterained  the  hardness  of  silver,  gold,  nickel,  platinum 
and  ircn  at  temperatures  to  -1€3°C  (Fig.  196).  It  turned  out  that  for 
these  materials  the  break  occurs  at  temperatures  belou  o IT,,* 

Petti  notes  that  the  curves  of  the  temperature  dependences  of 
the  strength  characteristics  of  chrcaiui,  nclybdenua,  tungsten, 
tantalum  and  vanadium  also  have  lo m-temper ature  break. 

Both  lou-tenperature  and  high-teaper ature  breaks  usually  relate 
vith  a change  in  the  mechanism  of  deformation. 

Figures  197,  198  give  the  temperature  dependences  of  the 
hardness  of  of  those  aeicrmed  cf  tungsten  ard  aclybdenum  and  annealed 

of  tungston,  molybdenum  and  tantalum,  ccmstructad  in  momilogar ithmic 
coordinates. 


MM 
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F ig.  195.  The  temperature  dependences  of  the  hardness  of  tungsten  and 
aclybdenum  [ 181 }. 

Key:  (1).  MN/m2  (kg/mm2). 

Fig.  196.  Tenperature  dependences  cf  hardness  cf  platinum,  nickel, 
silver  and  gold  [181], 


Key:  (1).  MN/m2  (kg/na2).  (2).  Homologous  temperature. 
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Fig.  197.  Dependence  of  licit  cf  strength,  hardness  and  aodulus  of 
elasticity  of  tungsten  and  icljbderui  froa  temperature:  a)  tungsten 
(1  - poured,  2 - sintered,  3 - single  crystcl)  ; b)  aolybdenua  (1  - 

poured  deforced,  2 - poured  annealed,  3 - sintered,  4 - the  saae, 

annealed,  5 - single  crystal). 


EOC  * 78133008 


PAGE  -44- 


Eage  237. 

They  have  two  breaks:  lq w-temperature  and  high-temperature.  The 
position  of  breaks  depends  cn  the  degree  of  the  deformation:  the  sore 
it,  f*ct  acre  powerfully  is  aisalicned  secccd  type  break  to  the  side 
lew-temperature  ones. 

The  measured  values  of  hardness  sufficiently  well  fit  a straight 
line  gf  all  three  sections  cf  dependence  (5.2)  with  two  constants  for 
each  section  & and  a. 

It  is  easy  to  show  (apalytically  cr  g iaphically) that  from  the 
constants  lu  k2,  k3l  which  are  the  values  cf  hardness,  cbtained  by 
extrapolation  to  0°K  each  section,  it  is  possible  to  change  to  more 


substantiated  by  the  constant 

fer  sections  to  record  in  the 

Bo. 

fora 

lit  and  nt 

• 

• 

and  expressions  (5.2) 

4pi a 

o<r<n, 

(5.*) 

H — kji 

npw 

n,<r<n„ 

(5.5) 

np« 

n,<r<rM, 

(5.6) 

Key:  (1).  with. 

where  H0  - value  of  hardness  with  0°R  (is  obtained  by  the 
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extrapolation  of  the  lc*-te«Fe ratuie  section  of  dependence); 


«*,  o,  and  «3  - temperature  coefficients  of  hardness; 


n i and  n,  - value  of  teaperature.  °K,  that  correspond  to  low- 
and  high-teaperature  breaks. 

In  this  case. 
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Fi.9<  198.  The  temperature  dependences  of  seme  mechanical  properties 
of  tantalum. 

Key:  <1).  HN/m2  (kg/mm2). 

Page  238. 


The  values  of  constants  H0,  kn  and  on  for  the  temperature 
dependences  of  hardness  (5.9)  cf  tungsten  and  molybdenum  are 
calculated  according  to  tfce  method  of  least  sgcares  and  are  given  in 
Table  29. 


The  temperature  dependences  of  the  strength  of  a number  of  the 
investigated  metals  and  alleys  in  seailcgarithmic  coordinates  are 
alsc  represented  in  Fig.  197  and  1S8,  their  values  are  packed 
sufficiently  well  to  the  graphs,  vtich  consist  of  straight  portions 
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and  tie  having  bends  at  the  specific  hciclcgccs  temperat ures. 

Consequently,  dependences  are  subordinated  to  exponential  law 
(5.1),  then  it  is  possible  tc  describe  by  tie  ejpression 
Frantsevich-Vratskiy: 

a*=-Be~*T,  (5.10) 

where  T - temperature,  °K; 

B - value  of  ultimate  strength,  extrapolated  to  0°K; 

0 - temperature  coefficient  of  ultimate  strength. 


The  graph/diagram  cf  dependence  (5.10)  for  tungsten,  molybdenum 
and, tantalum  has  three  sections  with  twc  by  tte  constants  B and  0 for 
each. 
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Table  29.  Values  of  coefficients  in  the  egueti-cn  of  the  temperature 
dependence  of  the  hardness  cf  aclytdenua  and  tungsten. 
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COCTOIHHC 
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BojibiJipaM 

iIe(J)opMH- 

. 12  600 

2700 

16100 

3,54 

0,674 

1,89 

MapKH 

BPK 

pOBa^HblS 

OTO*H(eH- 

(1260) 

12500 

(270) 

1930 

(1610) 

4,35 

0,791 

% 

(1  250) 

(193) 

ilegiopMH' 

4 200 

1700 

9 700 

1,83 

0,674 

2,16 

MapKH 

pOBaHHUH 

Otojkjmh- 

(420) 

(170) 

(970) 

MPH 

2900 

770 

— 

2,32 

0,221 

— 

HUfl 

(290) 

(77) 
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where  «0  - value  of  the  limit  cf  strength  with  C°K  (it  is  obtained  by 
the  extrapolation  of  the  low-temperature  section  of  dependence); 

li«  02  and  03  - temperature  coefficients  of  ultimate  strength; 

nj  and  nj  - value  cf  tetperature,  °K,  fcr  low-  and 
high-temperature  breaks; 


■ u m2  and  n3  - constants  for  individual  sections,  they  are 


equal  to; 


m,  = 1; 

„ n’ 

_ _ nj. 

"h e 


(5.13) 


The  values  of  constants  oo,  m„ a yd  0„  fci  the  temperature 
dependences  of  the  limit  cf  the  strength  of  tungsten  and  molybdenum 
are  calculated  according  to  the  method  cf  least  squares  and  are  given 
in  Table  30. 


Belative  to  the  physical  nature  of  the  breaks  on  the 


graph/diagrams  of  temperature  dependences  oB,  or,  H and  E in  the 
literature  there  are  different  opinions.  In  particular,  breaks  relate 


DOC  - 78133008 


PAGE 

with  the  relaxation  processes,  which  take  place  cn  boundaries  of 
grains  [ 154,  187],  with  a change  ir  the  mechanism  of  plastic 
defornation  [ 190,  192  ],  with  the  reaction  ct  dislocations  [193], 

For  the  molybdenum  and  the  tungsten,  obtained  by  the  methods  of 
powder  metallurgy,  break  they  observed  at  the  temperatures, 
comprising  0,2— 0,3 (see  Fig.  1S7).  Analogous  lew-temperature  breaks 
for  pare  metals  are  reveal/detected  by  researchers'  series  [154, 
187],  moreover  for  molybdenum  and  tungsten  at  the  same  temperatures 
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Table  30.  Values  of  coefficients  ic  the  egtation  of  the  temperature 
dependence  of  the  limit  of  the  strength  of  the  deformed  molybdenum 
amd  tungsten. 


(ai  *► 
<«/-/**•) 

Mm/m* 

{•r/MMi 

Mm/m> 

<« ri* *•) 

0j 

Bojn4>paM  MapKH 

BPH  .... 
(V 

Mo *h6mb  Mapxii 

MPH  .... 

* — 

loop 

(100) 

590  (59) 

520  (52) 

4760 

(476) 

16000 

(»600) 

1,58 

0,452 

0,444 

Key:  -(1).  Material.  (2).  HH/m*  (kg/mmz).  (3).  Tungsten  of  mark/brand 
cf  V8H.  (4).  Molybdenum  cf  mark/brand  of  MEK- 

Page  240. 

During  the  investigation  cf  the  dissipation  of  energy  in  the 
refractory  metals,  carried  cut  in  the  institute  cf  the  problems  of 
the  strength  of  AS  OkSSfi,  for  cermet  molybdenum  noticed  a 
considerable  increase  of  the  decrement  cf  fluctuations  in  range  of 
temperatures  0.  2-Q.  25  7"^,,  while  during  the  investigation  of  tungsten 
cf  essential  anomalies,  they  do  not  observe  up  to  1000°C. 

In  work  [171]  on  the  curved  temperature  dependence  of  internal 
friction  in  the  same  temperature  range  they  ctscrve  the  maximum  whose 
appearance  the  authors  explain  by  the  reacticn  cf  dislocations  with 
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admixed  atoms.  At  the  same  time  these  necks  [169]  attest  to  the  fact 
that  the  curves  of  the  temperature  dependence  cf  the  internal 
friction  of  tungsten  and  aolybdenua  do  not  tave  aaxiauas  up  to 
10G0°C.  It  is  possible  to  assune  that  the  peaks  in  the  scattering 
curves  of  energy  for  scie  refractory  aetals  are  caused  by  the  effect 
of  interstitial  in  purities  and  depend  on  the  level  of  the  applicable 
stresses  and  deforaaticc  cate. 


Data  given  to  Fig.  199,  also  attest  tc  the  fact  that  the  breaks 
in  the  curves  In  w-T  for  the  poured  aclybdecun  (both  in  the  deforced 
and  annealed  state)  are  very  insignificant  at  temperature*  ~ 0,2Tnn 
and  they  are  virtually  absent  for  the  poured  tungsten. 


In  this  connection  there  is  special  interest  in  the  Comparison 
of  the  tenperature  dependences  cf  strength,  hardness  and  aoduli  of 
elasticity  of  molybdenum  and  tungsten,  obtained  by  the  different 
methods  of  the  production  (see  Fig.  198).  Ficn  data  given  Fig.  199  it 
is  apparent  that  shovs  cnly  for  cermet  molybdenum  and  tungsten  in  the 
curves  of  the  tenperature  dependence  of  hardness  and  modulus  of 
elasticity  is  observed  the  low-temperature  break. 


Thus,  our  experimental  results  and  litcratcre  data  [154,  181, 
187,  188]  show  that  the  presence  cf  low-temperature  break  of 
refractory  metals,  just  as  cf  lew-melting  cnes  (aluminum,  nickel. 


' i 
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titanium,  etc.),  it  depends  op  pur ity/f inish  (degree  of 
decontamination  from  interstitial  impurities),  the  degree  of 
preliminary  peening,  rate  cf  defcriatict  acd  ether  factors,  which 
determine  the  state  of  material  [168]. 


It  is  necessary  to  especially  note  that  if  the  behavior  of 
■olybdenum  and  tungsten  - cell/eleients  VI  A cf  the  group  of  periodic 
system  - is  subordinated  to  common/general/total  lavs  in  the  vide 
temperature  range,  then  for  niobium  and  tantalum  from  v A of  group, 
inclined  to  aging  in  the  prccess  oi  def erma tier,  are  observed 
deviations  from  the  general  character  of  the  temperature  dependence 
of  properties  not  only  with  lov  ones,  but  also  at  the  high 
temperatures  (see  Fig.  200). 


Page  241. 


Let  us  nov  move  on  to  the  examination  cf  high-temperature 

sections  on  the  graph/diagrams  of  the  temperature  dependence  of 

properties.  As  can  be  seen  frem  Pic.  199  ,(see  also  Fig.  200),  breaks 

in  the  curves  In  *-T  are  observed  for  molybdenum,  tungsten  and  their 

alloys  in  temperature  range,  which  comprise  0,4— 0*5 Tna,  for  niobium  and 

its  alloys  when  0,35 — 0,45  T,,*,  but  for  tantalum  and  alloys  on  its  basis 

the  breaks  are  moved  into  tte  range  cf  even  lover  temperatures  - 
0,3— 0,35  rM. 
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for  the  aaterials,  subjected  to  recrystalllzati.cn  annealing  at 
high  teaperatures,  the  breaks  in  tie  carves  In  «-T  and  In  E-T  are 
observed  at  the  saae  teaperatures;  they  are  absent  fron  carves  for 
the  single  crystal  of  aclybdensa. 


fhe  results  of  the  investigation  of  teaperature  effect  on 
aechaaical  properties  of  refractory  aetals  and  literature  data  with 
respect  to  the  dissipation  of  energy  ip  refractory  aetals  [97,  s. 
123,  188,  154,  193  ] and  changes  in  the  aechanisa  of  plastic 
deforaation  [188,  190;  192]  at  high  teaperatures  shov  that  bends  in 
the  carves  In  («,  E,  H)  - T at  the  teaperatcres,  which  coaprise 

0,35—0,5  r„, 

a it  is  not  possible  to  uraabigucusly  explain  by  the  phenoaena  of 
recrystallization,  which  take  place  at  these  teaperatures  [154]. 


So,  the  entrance  of  the  study  of  the  intercal  friction  of  wire 

speciaen/saaples  Bade  of  torgsten  cf  brand  VA-3  [189]  at  1 500°C 

(~M2atL' 

/(•as  reveal/detected  grain-bcuncary  peak. 


i 
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Fig.  199.  The  dependence  of  the  liiit  «f  the  strength  of  tungsten, 
aolybdenua,  chroaiua  and  scie  alloys  cn  their  basis  froa  the 
teaperature:  1 - tungsten  poured;  2 - tuqgsten  cermet;  3 - W-Ho;  4 - 
i-Be;  5 - tungsten  annealed;  6 - aclybdenua  poured;  7 - molybdenum 
ceraet;  8 - aolybdenua  poured;  9 - single  crystal  of  aolybdenua 
anqealed;  10  - chrcaiua  poured. 


■ ' : - ■■■-- 


0,1  0,1  0,3  o*  os  OS  07  Tm'/Tn,  0>  07  V 0*  OS  OS  07  T„/Tnt 

Eig.  200.  Dependence  of  limit  cf  strength  c t refractory  metals  and 
alloys  from  temperature:  a)  tantalum  agd  alley  la-IOo/o  «j  1 - 
tantalus  of  electron-beaa  Belting  (defense c);  2 - the  sane, 
vacuum-arc  melting  (annealed);  3 - cermet;  4 - la-IOc/o  S;  b) 
niobium,  obtained  by  different  methods:  1 - fcy  electron-beam  melting 
2 - by  vacuum-arc  melting,  deformed;  3 - the  same,  annealed;  4 - by 
method  of  ponder  metallurgy  (deformed)  ; sheet;  5 - the  same,  rod. 

Key:  <1).  BN/m2  (kg/mm2). 
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As  a result  of  the  analysis  of  the  temperature  dependences  of  the 
internal  friction  of  a series  cf  puce  pclysiystalline  netmll,  it  is 
establish/installed  [97,  s.  165]  that  in  temperature  range  o,4— 0,5TBM 
also  are  peaks,  caused  by  tie  existence  of  grain  boundaries;  was 
assumed  that  these  peaks  it  is  not  possible  tc  explain  only  by 
viscous  shift  of  grain  boundaries. 


In  connection  with  this  it  is  completely  interesting  to  examine 
data,  obtained  by  L.  N.  Aleksandrov  and  V.  S.  Hcrdyuk  [193]  during 
the  study  of  the  internal  friction  of  tungsten  and  molybdenum  at  the 
high  temperatures  which  in  comparison  with  cur  results  of  the  tests 
cf  the  strength  properties  are  represented  in  Fig.  201.  In 
temperature  range  ~ 0,46 in  the  curve  cf  i eternal  friction  are  a 
relaxation  peak,  apparently,  caused  thermal  by  the  promote/activated 
processes  of  the  displaceient  cf  dislocaticcs. 

As  a result  of  the  thermal  activation  of  dislocations  in 
deformed  molybdenum  and  tungsten  at  the  teiperatures,  which  comprise 
0,35 — 0,45  7V,,  are  developed  the  processes  of  pelygonization  and  are 
formed  stable  dislocaticn  bcuncary/interf aces,  that,  apparently,  it 
is  possible  to  consider  the  reason  for  the  delay  of  an  inaidence/drop 
in  the  strength  in  the  raege  cf  teiperatures  irdicated  (see  Pig. 

197).  It  should  also  be  noted  that  at  temperatures  0,35— 0,45  7V,  is 
very  considerable  the  rcle  of  interstitial  impurities  and  different 


i 
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addition,  affecting  position  breaks  [46,  186,  193], 


Fig.  201.  Dependence  of  liait  cf  strength  ard  internal  friction  of 
tuqgsfien  and  aolybdenua  free  teaperature:  1 - tungsten  ceraet;  2 - 
tungsten  poured;  3 - aolybdenua  cecaet. 

Key:  ,<1).  HN/a*  (kg/aa*). 

Page  244. 

■ith  the  increase  cf  tie  teaperatare  cf  testing  tungsten  and 
aolybdenua  to  0.48-0.5  Tua  occurs  intense  softening  [193],  on  graph 
property  - the  teaperatare  ia  observed  break  and  aith  further 
increase  of  teaperature  occurs  a rather  sharp  i rcidence/drop  in  the 
strength. 


It  is  necessary  to  alsc  note  that  in  the  range  of  temperatures 
0,4—0, 5 Taa  °h  the  processes  of  pc lygcriza ticn  is  applied  the 
xecrystallization  and  appear  new  grains  with  undistorted  lattice  [46, 
193].  It  is  possible;  therefore  ic  sc ne  works  [ 162,  188]  the 
appearance  of  a peak  in  the  curves  of  the  icternal  friction  of 
pclycrystalline  materials  at  temperatures  icre  than  0,5  fu  is 
explained  by  the  viscous  behavior  of  grain  boundaries. 

The  conparison  of  the  temperature  dependence  of  the  modulus  of 
elasticity  of  the  tungsten,  measured  by  resonance  (frequency  -5  kHz) 
and  pelse  (frequency  ~5  HHz)  methods,  showed  that  in  the  latter  case 
to  curve  there  is  no  berd  at  temperatures  ~0,5  Tnir.  This,  obviously,  is 
connected  with  the  fact  that  the  mere  high  frequencies  the  effect  of 
relaxation  processes  affects  lesser. 

Thus,  on  the  basis  of  the  obtained  experimental  results  and  the 
available  literary  data  [97,  154,  188,  193],  it  can  te  assumed  that 
the  presence  of  the  bend  cn  of  the  curved  temperature  dependences  of 
strength,  hardness  and  moduli  of  elasticity,  at  the  temperatures, 
which  comprise 0,4 — 0,5  is  connected  with  relaxation  processes,  the 

mobility  of  point  defects  - vacancies  and  their  accumulations,  and 
also  changes  in  the  mechanism  cf  plastic  deformation. 
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The  results  of  the  investigation  cf  the  teiperature  dependences 
cf  strength,  oodule/nodclus  of  elasticity  and  hardness  of  tungsten 
and  aglybdenua,  presented  it  Fig.  197-200*  testify  to  the  possibility 
cf  the  existence  of  one  additional  break  at  temperatures  ~0,7 
Curing  the  investigation  of  tungsten  vires,  Ssithells  [67]  will  also 
note  the  break  in  analogous  teiperature  interval  (~0,8ru). 

During  the  study  of  the  internal  fricticq  cf  tungsten  and 
lolybdenua  [193]  in  the  range  of  teaperatures  cf  220  0-2500®C<~0.7 
fox  tungsten  and  ~0,8  for  aolybdenun)  vas  reveal/ detected  the 
saall  in  value  peak  (see  Pig.  201)  . 


is  a result  of  the  liciostructural  analysis  of  the 
speciaen/saaples  of  tungsten  and  aclybdequi,  deforaed  at  high 
teaperatures,  it  vas  establish/installed  that  cn  the  vorking  sections 
of  the  speciaen/saaples  of  the  poured  and  eerie t tungsten  after 
deforaation  at  teaperatcres  0,5-OJ  is  ebserved  a considerable 

quantity  of  aicro  and  aacxo iissures  (Fig.:  2C2-203). 


Analogous  character  bears  the  deccipositicn  of  ceraet  and 


J 


several  to  a lesser  degree  - pcurel  aclybdenui 


I 


Fig.  203.  Type  of  surface  of  cenet  tungsten  after  testing  in  vacuum 
(x  500} : a)  2200°C;  b)  2500°C. 
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Page  246. 


At  the  temperatures  of  deformation  more  Uat  0,7  Tm*  on  the  surface 
of  the  specimen/samples  cf  p ol ycr ystal 1 ine  molybdenum  near  the 
position  of  fracture  are  observed  the  rough  bards  (fold),  very 
recalling  the  slip  bands  of  the  single  crystals  of  molybdenum  which 
are  formed  at  these  temperatures  (Fig.  204). 


The  similar  phenomenon  noticed  also  drring  specimen/sampl? 
testing  of  the  poured  tungsten.  It  is  necessary  to  note  that  the 
intergranular  fracture  cf  the  specinen/samples  cf  the  poured  tungsten 
was  observed  only  to  temperatures  cf  2200-2300°C  (see  Fig.  202a) 
(Q-5-0.7  rnJi).  At  the  temperatures,  which  exceed  2500°C  (i.fe.  above 
C'.75  Tna),  f orm  of  fracture  of  specimen/samples  will  be  changed  (see 
Fig.  172d  and  202b).  In  the  range  cf  neck  in  specimen/sanples,  were 
visible  the  folds  in  the  forn  cf  piojecticrs  ar.d  indentations,  the 
intersecting  grains  and  directed  perpendicular ly  or  at  the  angle  of 
45  deg.  toward  axis  of  dilataticn.  Near  the  place  of  rupture,  were 
noticed  the  very  rough  bands,  obviously,  which  served  as  the  nuclei 
of  ma^n-line  crack. 


At  the  same  tine  the  deco mpcsiticn  of  the  specinen/samples  of 
cermet  tungsten  and  poured  alleys  cf  tungsten  (S-Ho  and  M- Re)  up  to 
25CC-2600°C  bears  intergranular  character,  as  is  evident  from  Fig. 
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203,  noreover  a quantity  of  nicrcc tacks  oi  grain  boundaries  will  be 
noticeably  legs,  but  grain  defcrnaticn  is  greater  than  for  the  poured 
tungsten. 

To  a change  in  fora  of  fracture  of  the  poured  tungsten  when  0,7  rM 
cprresponds  to  disccntiruity  cf  curve  In  •-!.  However,  at  present 
still  rc  data  by  operating  ty  which  it  was  possible  to  u nanbiguously 
solve,  which  phenonena  were  heavy-duty/critical  for  the  existence  of 
break  on  the  carved  tenperature  dependence  cf  strength  at 
tenperatures  ~0,7r„. 
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Fig.  204.  Surface  of  the  specimen/samples  ci  ■clybdenum  after  testing 
in  vacuum  with  1800°C  (j200):  a)  pclycrystal;  fc)  single  crystal. 


On  the  basis  of  the  temperature  dependences  of  hardness  and 
limit  of  strength  of  tungsten  and  iclybdenuo  [122,  133,  179-  182  ], 
obtained  for  the  wide  temperature  range,  it  can  be  assumed  that  in 


the  case  of  pure  metals  with  an  increase  in  the  homologous 


I.  At  low  homologous  temperatures  defcrmation  is 
realile/accomplish ed  via  shift/shear,  evenly  distributed  according  to 
very  large  number  of  slip  planes.  In  deforaaticn  participates  entire 
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volume  of  grain  in  metal;  therefore  resistance  to  deformation  must  be 
greatly  [190]. 


II.  With  increase  cf  temperature,  character  of  deformation  is 
changed.  Shift/shear  is  less  evenly  is  distribmted  between  slip 
planes.  Occurs  deformaticn  cn  grain  boundaries,  since  termination 
iapedance  to  deformation  with  the  increase  cf  temperature  is 
decreased  faster  than  resistance  of  the  volume  cf  grain  [190]. 

III.  strain  at  high  homologous  temperatures  is  not  accompanied 
by  strengthening  metal,  occur  processes  of  creep  [ 100,  179  ]. 
Ceformation  is  realize/accciplished  by  the  autual  displacement  of 
grains  and  is  accompanied  by  migraticn  cf  cpain  boundaries,  by 
shaping  of  sub- structure  [ 184].  Shift/sfcear  cn  slip  planes  under 
conditions  of  creep  is  cegligibly  small  and  to  cause  noticeable 
strengthening  not  can  [190]. 

Change  of  mechanisms  of  deformaticn  usually  it  is  observed  in 
certain  temperature  range  for  which  the  characteristically  competing 
development  of  low-  and  high-temperature  mechanisms. 

In  Conrad's  work  [183]  are  shown  the  predicted  dislocation 
mechanisms  of  deformaticn  in  the  range  cf  temperatures  from  absolute 
zero  tc  melting  point  (Table  31). 
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H.  A.  Zaykov  [186,  191]  it  will  ptcpose  to  exaaine  the 
■echanical  properties  of  Materials  it  corresponding  coordinates  and 
to  introduce  the  concept  of  corresponding  Mechanical  characteristics. 
In  this  case  for  beginning,  is  accepted  not  absolute  zero,  but  the 
teaperature  of  the  appearance  cf  this  phase  (the  allotrope,  etc.) 
introduces  the  concept  cf  relative  teaperature  cf  Material,  which 
instead  of  the  teaperatcre  they  set  aside  along  the  axis  of  the 
abscissas: 

Xw~Tf=£-  (5.U) 

where  Ta  and  Tu  ~ tsaperatures,  °K,  beginning  and  the  end  of  the 

existence  of  this  phase; 

T - the  instantaneous  value  of  teaperature. 
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Along  the  axis  of  ordinates,  utilizing  the  saae  principle,  they 
set  aside  the  relation 


»— 1=^5-, 


(5.16) 


cr  in  the  logarithaic  fern: 


la  • — la  «. 
” la*, — la«t 


A 


(5.16) 
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Table  31.  Mechanises  of  the  detonation  of  ictal  [183]. 


Taa^ 

KpMCTtA- 

juracocoi 

<y 

Mitiu 

mm 

AjuCtpturaM.a 

pem«TKM 

■ESI 

r.  n.  y. 

Zn,  Cd,  Mg 

T< 0,25  r„ 
nepeceienwe  A^oxaufi 

HeKOHcepBaTHBBoe 

r.  u.  a. 

Al,  Cu,  Ag,  Au,  Nl 

To  *e(  ?)  (£ 

ABHxeHHe  noporoa 

1 KOHCePBlTHBHOe  ABH 

0.  n A. 

V,  Nb,  Ta,  Cr, 

npeoAoiei«e  OapbepoB 

xeHae  cKOJtuamHx 
'/»>  noporoB 

flpeoAOAeHHe  btomob 

Mo,  W,  Fe 

riaAepaca— Hafiappo 

0‘ 

BHCApeHHfl  H INC 

nepcKbix  BUAMeaMA 
yrioncpewHoe  cxonbxe- 

HHe 

0,25  TmM<T< 0,5  T, 


T.  n.  y. 

Zn,  Cd,  Mg 

_ e/*J 

UepeceieHae  ahcjiokbuhO 

r.  u.  a. 

Al 

„ cv 

rionepesnoe  cKOJibxeaae 

o,  n.  a. 

V,  Nb,  Ta,  Cr, 
Mo.  W,  Fe 

BMMMOAeflcTBHe  Aacjio- 
itannS  c aTOMaMH  aae- 

Apenna 

C'V 

HeKOHCepBSTMBHOe 


flpopuB  daobepoa  Jlo- 
n)  nepa— Kon-penaa 
To  me 


T.  n.  y. 


r.m 

o,iu 


Be,  Tt,  Zn,  Mo 


T>0fi  r., 

. nepeno»ane  abcjiokb- 
o,5r«a<o,8r«» 
|rfpeoAoaeaae  Oapbepoa 
riaAepjica— Haftappo 

npH3MaTmecKHM 


At,  Cu,  An,  Pb 
Nb,  Mo,  Ta.  Fe 


IptlABHacesHe  noporoa 
| IIonepe«!Hoe  cictmme- 
nt 


c/1/ 

HeaoBcepBaTRBnoe 


C»lJ 

Hanoaoepaannttae 
iaPxanxenne 
lTo  me 


Key:  XI).  Type  of  crystal  lattice.  (2).  Metal.  43).  The  nost  probable 
fechanisa.  (4).  Alternative  aechanisa.  (5)  . Intersection  of 
dislocations.  (6).  Dissipative  acticn  cf  th ceshclds.  (7).  the  saae. 
(8).  Conservative  notion  of  sliding  thresholds.  (9).  Overconing  of 
Peyerls-Nabarro*s  barriers.  (10).  Cverccaing  of  interstitial  atons 
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and  dispersed  liberation/isclations.  (11).  Cross  slip.  (12). 
Intersection  of  dislocations.  (13).  Dissipative  notion  of  thresholds. 
(14).  The  cross  slip.  (15).  Inrush/breack  cl  lcwera-Cottrell's 
barriers.  (16).  Reaction  of  dislocations  with  interstitial  atoas. 
(17).  The  sane.  (18).  Creeping  of  dislocations.  (19).  Dissipative 
notion  of  thresholds.  (20).  Overcoming  of  Peyer ls-Habarro*  s barriers 
by  prisnatic  sliding.  (21).  Cress  slip.  (22).  Creeping  of 
dislocations.  (23) . Dissipative  notion  of  thresholds.  (24)  . The  sane. 
(25)  . The  sane. 

Page  249. 


Utilizing  equation  (5.10),  a.  A.  Zaykcv  [166,  191]  will  be 
obtained  the  following  expressions: 


or  in  the  logarithnic  fcri: 


IgV  — lgV.-tlg-SL-; 

lg«=Tlg«,  + Ugv 


(5.18) 


The  experinental  results  of  the  investigation  of  soae  refractory 
netals  and  alloys  for  tie  liaited  teaperatcre  intervals,  after 
pracessing  according  to  R.  1.  Zaykov,  are  represented  in  Pig.  205. 
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Scae  data  on  the  teaperatnre  dependence  of  the  strength  of 
bigh-aelting  aaterials  for  the  liaited  intervals  are  represented  in 
ccaaon  coordinates  in  Fig.  206  and  207,  which  testify  to  a good 
coincidence  of  calculated  and  experimental  values. 
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Fig.  205.  The  temperature  dependence  cf  the  limit  of  the  strength  of 
refractory  metals  and  scie  alleys  c p their  basis,  presented  in  the 
coordinates: 


1 - tungsten  cermet;  2 - tuegsten  poured;  3 - tungsten 
recrystallized;  4 - W-3c/o  He;  5 - 8-27o/o  Be;  6 - molybdenum 


alloyed;  7 - niobium 


It  is  necessary  to  alsc  note  existed  ccamunication/cpnnections 
between  the  characteristics  of  hardness  and  strength  of  tungsten, 
molybdenum  and  tantalum  in  the  wide  temperature  range. 


r 
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On  the  basis  of  dependences  (5.9)  and  (5.12)  it  is  ppssible  to 
find  the  relationship/ratio  between  hardness  and  liait  of  strength 
[30,  s.  7;  185]: 

-it— SSJ-**'*"’**’-  <*•“> 

to  designate  constants  — and  -^r-  respectively  through  C„  and  c#, 
the  last/latter  equatioc  it  is  possible  to  record  thns: 

= C0CmH^~  r.  (5.20) 

This  exponential  expression,  apparently,  will  be  valid  for  the 
puce  netals,  ianune  to  to  the  aging  alsc  of  the  not  having  allotropic 
changes. 

Dependence  (5.20)  in  logacithaic  coordinates  aust  present  the 
graph,  which  consists  of  three  line  segaents. 

Figures  208-210  shows,  as  vary  with  teaperature 
ccanunication/connection  between  the  values  of  the  liait  of  strength 
and  hardness  for  deforaed  tungsten,  aclybdetua  and  annealed  tantalua. 

In  the  logarithnic  coordinates  In  «g  -In  8 of  relationship/ratio,  they 
are  real/actually  depicted  as  three  line  segaents. 

\ 


i 


Fig.  206.  The  comparison  of  the  calculated  and  experimental  values  of 
ultimate  strength  in  the  range  cf  the  elevated  temperatures:  1 - 
tungsten  fusion;  2 - molybdenum  fusion;  3 - niebium  (dark  marks  - 
computed  values). 


Key;  <1).  HM/m2  (kg/mm*). 


Fig.  207.  Comparison  of  calculated  and  experimental  values  of 
ultimate  strength  at  high  temperatures;  1 - He;  2 - 8;  3 - W - Ho;  4 
- 1 - He  (dark  marks  - computed  values). 


Key;  (1).  HN/a2  (kg/mm2). 


Page  251 
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for  those  sections  of  dependence  to  which  correspond  equal 
temperature  coefficients  cf  hatdness  and  liiit  cf  strength  a„=*pn, 
the  re la ticnshi p/ratio  cf  the  linit  of  strength  and  hardness  is 
coqstant: 

(5.21) 


°.=C0C.H. 


for  sections,  to  which  correspond  the  close  values  of 
temperature  coefficients  <*«  and  ft,,  the  graph  cf  relationship/ratio 
(5.20)  in  coordinates  -H  will  present  the  slanting  exponential 
curve  which  with  sufficient  reliability  can  he  approximated  by 
rectilinear  cut. 
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'f!]  ms>  **>  aw  am  mm  earn  swat) 

r H,  m/u^r/mn*) 

f™.  a o^i. 

Fig.  208.  Coaaunication/ccnnection  between  ultiiate  strength  and 
hardness  of  tungsten  (it  ctrves  is  shcwc  teiferature,  to  »K) . 


Key:  <1)  . HN/a*  (kg/aa*) 


Fig.  209.  Coaaunic ation/ccnnection  between  cltiwate  strength  and 
hardness  of  aolybdenua  (designation  - see  Fig.  2C8) . 


Key:  < 1)  . HM/a*  (kg/aa*) 
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H,  Mh /** ( kT/mm*) 
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Pig. 210.  Communication/ccnqection  between  ultimate  strength  and 


hardness  for  tantalum  at  different  temperatures. 


Key:  <1).  Hll/a*  (kg/mm*). 


\ . mo'srmo' 

* MOyfttJO- 

(>)  M)'$Js$r 


o mm  mm  mtm  mm  mm)  trrmoi 

H,  Mn/M,(Kr/HMt) 

CO 


Fig.  211.  Coranunication/ccnnecticn  between  hardness  and  limit  of 


strength  of  tungsten  at  different  temperatures. 
Key:  |1).  Hl/n*  (kg/nn*.. 


-1 
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Fig.  2 12.  Comnunication/ccnnection  between  hardness  and  yield  Unit 
of  tungsten  at  different  te ■ pe latu tes. 


Key:  (1).  MN/n2  (kg/am2). 


Fig.  213.  Comnunication/ccnnection  between  characteristics  of 
hardness  and  strength  of  mclybdenua  at  different  temperatures. 


Key:  ,(1)  . HN/m2  (kg/mm2) 
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(20,1.)  <W,8)  (SI, 2)  (II, 6)  (M2)  (122) 

(V  H,  M*/»l(*r/MM l) 


(2i,*)  (*6,S)  (flf)  (tf,S)  (M2)  (122)  (Hi) 
H , Mn/Mi(K)'/MMt) 

(2) 


Fig.  214.  Conmunication/ccnnecticn  between  characteristics  of 
hardness  and  strength  of  tartalua  at  different  temperatures: 


Key:  X1)*  HN/m*  (kg/mm2) 
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Fee  the  practical  applicat ion /use  to  usefully  obtain  graphs  and 
the  analytical  expressiens  cf  the  t elat ions  hip/ratios  between 
hardness  and  the  liwits  cf  strength  and  yield  cf  refractory  wetals 
for  the  wide  temperature  range.  This  processing  of  experimental  data 
have  carried  out  we  for  deferwed  tungsten  end  iclybdenum. 


Ccamunication/connecticn  between  hardness  and  limit  of  the 


strength  of  tungsten  in  the  range  cf  teipeiatcres  of  1000-2710°C  is 
represented  in  Fig.  21 1*  while  com munic at icn/ccnnect ion  between 
hardness  and  yield  limit  o0>2  in  interval  of  10C0-1820oC  - in  Fig. 


The  graphs  of  the  re laticnshi p/ratios  between  the  limits  of 
strength  and  yield*  on  cne  land,  and  by  hardness*  on  the  other  hand 
for  molybdenum  at  temperatures  of  1100-2Q0C°C  are  given  to  Fig.  213 
Ultimate  strength  and  yield  point  cf  molybdenum  in  the  range  of 
temperatures  of  1100-2000°C  are  ccrnected  with  hardness  by  the 
following  relationship/ratics: 


Ccamunication/connecticn  between  hardness  and  strength  of 
annealed  tantalum  at  high  teaperatcres  is  represented  in  Fig.  214 
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If  is  calculated  the  relations  of  the  jield  point  and  hardness 
~Jf  *®r  different  temperatures,  the*  it  appears  that  for  tungsten  and 
for  aplybdenua  they  are  included  within  limits  frca  0.20  to  0.41. 
Therefore  for  tentative  calculaticps  it  is  possible  to  utilize  the 
averaged  rj[lationship/ratics : 


for  tungsten  (f  roa  20°  ^ T < 1820°C) 

«o.j= 0,307 H;  (5.24) 

for  aclybdenus  (free  20°< T < 1760°C) 


0#i!!  = 0,323 H. 


(5.25) 
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Chapter  6. 

CREEP  AND  STHESS-B  UPTUR  E STRENGTH  OF  REFBAC1GRY  BETAIS. 

Testing  units  and  procedure. 

Testing  units. 

During  the  laboratory  tests  of  high-aelting  naterials  for  creep 
and  stress-rupture  strength,  are  utilised  in  essence  the 
speciaen/sanples  of  cooperatively  snail  size/dimensions.  This  fact 
conditioned  some  design  features  cf  testing  suits  [ 157,  194,  195]. 

Jn  the  Institute  cf  the  problems  of  the  strength  of  AS  UkSSR  for 
the  test  work  of  refractory  metals  fcr  creep  and  stress- rapture 
strength,  are  created  t»o  installations : single-section  ID-6V  (Fig. 

215)  and  six-section  ID-6V6  (Fig.  2.16),  intended  for  testing  both  of 


cylindrical  (d=3-5  on)  and  flat/plane  (6=1-2  on)  specimen /samples  in 

vacuum  1.33-0.399  MN/m*  ( 1 • 10”  *-3»  10“‘  mo  Bg)  at  teaperatmres  to 

2500°C. 


1 
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Single-section  installation  (Tig.  217)  has  the  lever/crank 
systea  of  loading  which  Bakes  it  possible  tc  increase  external  load 
teq  tines,  and  it  consists  cf  loading  device,  vacuua  chaatoer,  systeas 
of  heating  speciaen/saaple  and  pulping  cut  cf  test  chaaber,  control 
panel  and  the  teaperature  ccntrcl  cf  speciien/saaple.  All  eleaents  of 
construction/design,  with  exception  cf  the  unit  of  power  transforaer 
and  oil  rotary  puap,  are  acunted  ct  welded  icucting. 

On  the  struts  of  11  loading  devices,  it  is  attached  by  traverse 
5,  on  which  is  establish/installed  upper  capture  by  U,  which  has 
spherical  support.  Lower  capture  by  7 is  cccnected  with  thrust/rod  by 
10  through  spherical  self-adjusting  hince  joint  9.  Cylindrical 
speciaen/saaple  with  6 is  fastened  in  captures  to  thread,  flat/plane 
- with  the  aid  of  stud  pics.  Ecth  cf  captures  are  aade  froa 
aclybdenun. 

All  cell/e lements  cf  the  aechanisa  of  leading  have  the 
deaountable  joints,  allowing  easy  to  disconnect  then  froa  the 
conjugated  assenblies  of  installation  and  cue  froa  another;  this 
provides  convenience  in  the  asseably  of  speciaec/saaple  and  its  rapid 
centering. 
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Fig.  215.  General  view  cf  single-sccticr  installation  ID-6V 
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Leading  lever  13  is  suspend/hung  fro*  ccvndraft  by  10  and  it 
pivots  on  ball  bearing  ta Jl-and-sccket  bearing.  To  the  end  of  large 
lever  am,  is  f asten/strengthened  suspension  by  19,  intended  for  the 
installation  of  interchangeable  loads  with  the  loading  of 
speciaen/saaple.  In  the  leading  device  enter  alec  vora  reducer  15  and 
screw/propeller  16.  During  the  asseably  of  speciaen/saaple  in 
captures  also  with  its  leading  vith  the  rotation  of  the  vora  of 
reducer  it  is  possible  tc  aanufaettre  lift  ci  levering  of  lover 
capture  together  with  lever.  The  ccnstruct icn/design  of  the  aechanisa 
of  loading  Bakes  it  possible  fer  lever  capture  to  be  lover /oaitted 
during  the  elongation  of  specimen/ saaple  it  the  process  of  testing. 

The  aechanisa  of  leading  is  placed  intc  vacuum  chaaber,  formed 
by  vater-cooled  steel  plate/slab  12  and  by  aetallic  cap/hood  1. 
Dovndraft  is  introduced  into  the  c amera/chaaber  through  the  sealed 
joint  vith  the  aid  of  tcitac  bellots  14. 

In  vacuua  chaaber  there  are  tve  inspecticr  vindov  by  3 and  8. 
Hindov  8 is  intended  for  observation  after  speciaen/saaple  in  the 
process  of  testing  (aeasureaent  of  strain  cathetoaeter  and  the 
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measurenent  of  teaperature  Kith  the  aid  of  pyreaeter),  window  3 - for 
relieving  readings  of  indicator  with  the  extenscaetric  method  of 
aeasuceaent  of  strain. 


In  the  caaera/chaafaer  through  the  plate/slab,  are  passed  copper 
conductors,  cooled  by  renning  water,  and  t ter accouples.  All 
input/introductions  have  rubber  gaskets. 


v->rs; 

Diffusion  puap  17  (type  5C)-  is  connected  with  the 
caaera/chanber  by  short  connecting  piece. 


< 

he  forevacuua  in  the  caaera/chanker  creates  oil  rotary  puap  to 
18  (type  TN-2MG). 

Beater  presents  the  tube  with  cut/sections,  manufactured  froa 
aolybdenua  or  tungsten.  The  length  of  heating  tube  3-4  tines  exceeds 
the  working  length  of  specinen/sanple,  which  provides  uniform 
beating. 

i’ot  ijeorea n > h--  i » S'  ... ■ t ■ ^ t:  * uc  * u f f c •? 
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Bor  decreasing  heat  losses,  ace  used  tie  laiinated  shields  whose 
interior  layer  is  Bade  sade  of  tungsten,  smtseqcent  - froa 
molybdenum.  Lower  and  side  shields  are  estall ish/installed  on 
separate  cross  beas  attached  oi  struts  11,  tut  upper  - on  side 
shields. 

The  temperature  of  speciaen/saaple  to  1300°C  is  aeasured  by 
Flatinua-platinus-rhodius  therscco uples,  higher  than  1300°C  - by 
tuqgsten-r henium  thermocouples  or  a pyrometer  of  the  type  OPPIH-017. 


The  elongation  of  speciaen/saiple  at  teaperatures  to  1000°C  is 
detersined  with  the  aid  of  indicator  2,  adjustable  directly  in  vacuus 
chamber.  As  the  extenders  serve  four  quarts  rods,  two  of  which  lean 
cn  the  supporting/reference  pad,  adjustable  cn  specimen/sample  of  the 
lower  mark  of  its  working  length,  and  two  ethers  - on  the  sane  pad, 
fastened  of  upper  mark.  Each  pair  of  rods  is  finished  with  the 
framework:  within  the  upper  framework  is  fastened  the  indicator,  the 
lower  framework  abut  against  the  leg  of  indicator. 

At  the  teaperatures  of  testing  higher  than  1000°C  strain  are 

KlY)~k « 

measured  by  a cathetometer  of  type  In  this  case  to 

speciaen/saaple  on  the  boundary/interface  cf  its  working  length,  are 
welded  by  spot  electrostatic  welding  the  pointed  lug/lobes  on 
disagreement  of  which  it  the  piocess  of  testing  they  judge  from  the 


■ 
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strain  cf  speciaen/saaple. 

Page  259. 

Six-section  installation  (Fig.  218)  aakes  it  possible  to  conduct 
siaultaneoosly  the  tests  of  six  specimen/saaples  under  the 
indepandeqt  conditions. 

On  coaaon/general/total  aside  <1.  mounting  are  aounted  the  elenents 
of  vacuua  chamber,  and  also  systeas  of  loading,  heating  and 
■easureaent  of  strain  fer  all  six  sections.  Is  separately  placed  the 
electrical  shield  cf  coctrcl. 

In  the  base  of  each  ca  lera/chaaber , there  are  tao  holes  for  the 
conductors,  thermocouples,  downdraft,  and  also  a grooves  for  fixation 
cf  supporting  cylinder.  In  chamber  casing  tuilt  in  inspection  window 
with  quartz  glass  for  tie  optical  aeascreacct  cf  strain  with  the  aid 

I 

cf  cathetoaeter  1 and  fer  measuring  the  teaperature  of 
speciaen/saaple  with  the  aid  of  pyrometer.  Per  preventing  the 
precipitation  of  the  condensate  of  evaporating  particles  pn  guartz 
glass,!  there  is  a shutter. 
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1c  chamber  casing  with  the  aid  of  ring,  is  fastened  diffusion 
pump.  Onlike  the  coaaon  gates  cf  vacuua  chaabers,  in  the 
caaera/chaaber  of  installation  ID-6V6  is  applied  internalizations  the 
vacuua  seal,  which  substantially  decreases  erea  of  joint.  The  punping 
cut  of  air  from  each  caaera/chaaber  is  sanaf ac tcred  by  diffusion 
puaps  cf  type  TsVL- 100  and  fcy  the  ccnnco/gcccral/total  fore  puap 
VN-2MA. 


Lever/crank  type  loading  nechanisa  is  in  each  section;  it  makes 
it  possible  to  create  the  stretching  force  in  s peciaen/saaple  to  5 kN 
(515  kgf)  and  it  consists  cf  the  circuit  of  leading,  loading  lever  of 
the  second  kind  with  the  re lationship/rat ic  of  aras  1:10  and  of  worn 
reducer  5.  The  latter  makes  it  possible  to  create  pretensioning  in 
the  circuit  of  the  loading  cf  s peci aen/saa pie.  Dpper  ball  coupling  of 
the  circuit  of  loading  fora  the  nuts  also  cf  traverse  with  spherical 
surfaces. 


Fastening  specimen/sanples  in  captures  is  realize/acconplished 
just  as  in  installation  ID-6V. 


i&a:  ."-jpsessssr*''.  
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tower  capture  by  means  of  adapter  is  ccnnected  with  the 
downdraft  to  which  through  self-aligning  ball  bearing  fro*  link  is 
suspend/hung  loading  lever  2 with  counterweight  to  3 fro*  short  arm 
and  suspension  for  the  installation  of  interchangeable  loads  4 fro* 
long  arm.  For  the  safeguard  for  evenness  of  leading  provided  for 
special  loading  device  5. 


Within  vacuu*  chamber  placed  beating  device:  heater,  current 
supplies  and  shields. 


Heater  is  made  nade  of  molybdenum,  tantalum  or  tungsten  in  the 
form  of  two  parallel  plates  0.5-1  ii  in  thickness  fro*  crosspiece. 
For  the  heat  insulation  of  the  working  space  of  the  camera/cha mber, 
serve  vertical  and  hori7cntal  shields  fro*  tungsten,  molybdenum  and 
nickel  tin  0.2-0. 5 am  in  thickness.  Electric  power  to  heater  enters 
from  step-down  transformer  6 through  copper  busbar/tires  and 
water-cooled  copper  conductors.  The  uniform  heating  of 
speciaen/sanple  is  provided  because  of  the  special  form  cf  heater. 


Figure*  218  gives  also  the  schematic  electric  diagram  of 
installation.  The  temperature  cf  s pecimen/sa nple  and  the  rate  of  its 
growth/build-up  are  regulated  with  the  aid  cf  the  autotransf or aer  of 

RM0 

7 types  «m«-250-5  and  of  two  electromagnetic  contactors  of 
voltage/stress  8. 
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The  check  of  the  temperature  cf  specinen/sample  is 
realize/accomplished  by  platinum-platinum-rhcdimm  ones  and 
tungsten-rhenium  ones  tc  the  thermocouples  through  known  electric 
diagram  [107]  with  the  aid  of  the  automatic  electronic  recording 
potentiometer  of  the  type  EFP-09  which  provides  the  automatic 
maintenance  of  the  assigned/prescr i bed  temperature  with 
accuracy/precision  *0.5  deg;  furthermore,]  is  provided  for  the 
measurement  of  temperature  with  the  aid  of  a movable  potentiometer  of 
the  type  PP. 


Figure#  218  shows  the  signaling  system,  which  considerably 
facilitates  the  maintenance  of  ins tallatio r . Sc,  during  the  supplying 
cf  feed  into  the  electric  circuit  cf  secticc  lights  up  signal  lamp  by 
9,  connected  through  ballast  resistance  to  10.  analogous  resistances 
are  included  in  the  circuit  of  all  signal  lamps  which  are  fired 
respectively  with  the  activation  of  an  entire  installation,  the 


outpufc/yield  of  lever  frcm  horizontal  position,  the  supply/feed  of 
maxims  or  minimum  power  to  heater,  etc. 


■iiutoaitfi 


The  strain  of  specinen/sample  in  the  process  of  creep  determines 
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by  optical  and  mechanical  methods.  The  first  method  is  instituted  on 
the  measurement  of  the  distances  between  the  section/shear  of  the 
welded  to  specimen/sample  plates  through  inspection  window  with  the 
aid  of  cathetcmeter  1. 

The  small  size  of  vacuum  chamber  makes  it  possible  to  approach 
the  telescope  of  cathetcmeter  the  speciaen/sample  up  to  the  distance 
which  makes  it  possible  to  utilize  a maximum  increase  during  the 
measurement  of  strains.  The  second  method  cf  measuring  the  strains 
consists  in  the  determination  of  tie  displacesent/movements  of 
thrust/rod  with  the  aid  cf  indicator. 


Pig-  219.  Speciaen/saaples  with  special  shculders  for  creep  tests:  a) 
cylindrical  speciaen/saaple ; b)  flat/plane  spec iaen/saaple. 

Fage  262. 

Sp eciaen/sanples. 

For  studying  of  creep  and  stress-rupt ore  strength  fee 
elengation,  are  used  the  speciaen/saaples  ci  different  types.  This  in 


; 


essence  the  so-called  quintuple  speciaen/saiples  (Pig.  219,  220), 
with  the  conventional  re lationship/ratic  between  the  length  of 
working  part  and  cross  section  F0: 


/0=5,65V^V 


(6.1) 


Figures  219  and  22C  depict  cylindrical  and  flat/plane 
speciaen/sanples  with  extended  adapters.  The  size/diaensions 
indicated  and  the  foras  of  speciae n/saaples  are  aost  advisable  for 
the  analysis  of  high-meiting  materials.  During  the  tests  of  these 
speciaen/saaples,  the  captcres  do  not  enter  in  the  zone  of  heater, 
which  decreases  the  intense  heat  removal  from  s pecimen/sample  and 
provides  the  even  distribution  of  tewperatcre  along  the  length  of  its 
working  part,  and  also  decreases  tie  expenditure/consumption  of 
electric  power  for  heating  of  s peci aen/saap le. 
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Fig.  220.  Speciaen/saapJes  fcr  creep  test  aEd  stress-rupture 
strength:  a)  the  extended  cylindrical  speciaen/saaple;  b)  the 
extended  flat/plane  speciaen/saaple;  c)  the  shortened  cylindrical 
speciaen/saaple;  d)  the  shortened  flat/plane  speciaen/saaple. 
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The  cylindrical  speciaen/saaple  (see  fig.  219a)  on  the 
koundary/interface  between  the  worker  and  transient  partly  threaded 
but  the  flat/plane  speciaen/saaple  (see  Pig.  219)  - the 
shoulder/fillets,  necessary  for  the  installation  of  the 
supporting/reference  area/sites  cn  which  lean  the  extensoaeters.  For 
tests  at  the  teaperatures  higher  than  1CQ0°C,  are  applied  the 
sp^ciaen/saaples,  similar  tc  those  that  are  shewn  on  Pig.  220a,  b, 
not  threaded  and  shoulder/fillets  in  the  aiddle  part.  The  aeasureaent 
cf  strain  in  these  cases  aanufactures  with  cptical  aethod  with  the, 
aid  of  a cathetoaeter  of  type  with  respect  to  a change  in  the 

distance  between  the  plates  which  are  welded  to  speciaen/saaple  on 
the  boundary/interface  cf  its  working  part  (Fig.  221). 


During  testing  of  scarce  watecials,  were  xsed  short 
speciwen/sasples  (Pig.  220c,  d) ; the  decrease  of  the  length  of 
specisen/saaples  is  realized  because  of  reduction  in  their  adapters 
with  the  full/total/coaplete  prese r vaticn/ie tention/aainta ining  of 
fora  and  size/diae nsions  cf  working  part. 


Measurement  of  strain. 


During  endurance  tests  at  high  teaperatures  in  vacuua  or  in  the 
aediua  of  inert  gas  they  use  extensively  beth  devices  for  the  direct 
xeasureaent  of  strain  (cath ctoaeters,  measuring  aicrcscopes  and 
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special  optical  systems  [107;  184;  196;  197]  and  of  device  for  the 
■easuceaent  of  strain  on  shifting  cf  active  thrast/rcd 
(extensometers,  equipped  victor,  interference  and  diffraction 
systems,  spring  indicators  and  the  like  [194;  197,  198].  During  the 
measurement  of  strain  with  the  aid  cf  optical  systems,  is  determined 
a change  in  the  distance  between  standaid  point;  at  the  working 
length  of  the  speciaen/saaple  through  inspectic;  windows  in  the 
bousing  of  reheating  furnace  and  vacuum  chaober.  Is  possible 
autcaatic  fixation  of  the  results  of  neasureaent  with  the  aid  of 
aovie  cameras  or  cameras  [196].  However,  in  this  case^the  accuracy  of 
the  aeasureaent  of  strain  is  considerably  lower  than  during  the 
utililation  of  cat hetoaeters. 


The  method  of  detecaining  the  strain  Irca  the 
displacement/mo vement  of  active  thrust/rod  has  small 
accuracy/precision;  however,  it  is  very  siaple  and  it  is  possible  to 
easily  carry  out  automation  of  the  process  cf  aeasureaent  [197]. 


Ljczaa 


Fig.  221.  Specimen/samples  with  the  welded-cn  plates  for  measuring 
the  strain  with  the  aid  of  the  cat hetoneter : a)  cylindrical 
specimen/sample;  b)  flat/plane  specinen/saiple. 


Page  264, 


For  determining  the  creep  strain,  we  pit  tc  use  the  method  of 

KM 

direct  measurement  with  the  aid  of  a cathetcmetcr  of  type  Jt*-6, 


■aking  it  possible  to  record/fix  the  displacement  of  the  graduation 
narks,  plotted/ applied  at  the  working  length  cf  specinen/sample,  or 
the  plates,  fasten/strengthened  to  adapter  cf  the  specimen/san pie 
(see  Fig.  221),  and  alsc  by  the  extensenetr ic  method,  developed  in 
connection  with  tests  at  teipetatuies  tc  1CCC°C  during  installation 
ID-6V. 
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during  the  utilization  of  each  of  the  xethcds  indicated  in 
parallel  was  conductn  tie  aeasurenent  cf  the  strain  cf 
specinen/sanple  with  the  aid  of  the  indicators,  fixing  the 
displaceaent  of  aovable  capture. 

Construction/design  of  ext enscaeter.  Kith  the  aid  of  the 
extenscaeter  of  the  developed  ty  us  ccpstxuctioj/design,  it  is 
possible  to  neasure  creep  strain  both  of  flet/plane  and  cylindrical 
speciaen/saaples. 

To  thread  or  the  recesses,  available  in  the  speciaen/saaples 
(see  Fig.  219),  are  fastened  nuts  cr  discount a lie/release  clanping 
collars  aade  of  heat-resistant  steel,  explcyed  «ith 
supporting/reference  area/sites  for  the  extenders  of  extensoaeter  - 
rods  fron  guartz  glass  3 aa  in  diaaeter.  The  application/use  of 
guarti  extenders  eliminates  the  error  cf  aeasurcaent,  connected  with 
a change  in  the  length  cf  reds  during  heating. 

The  housing  of  indicator  1 (Fig.  222)  is  attached  in  disk  by  2, 
which  leans  on  two  guartz  reds  and  can  be  icved  on  three  guides  3, 
establish/installed  on  traverse  4.  Quartz  reds  lean  on  pad  by  6, 
establish/installed  at  the  level  of  upper  tcundary  of  the  working 
part  of  the  speciaen/saiple. 


eCC  * 70133009 


Fig.  222.  Schematic  of  attachaent  fct 
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length  of  upper  capture,  by  the  strain  adapter  cf  the 


specinen/sanple,  etc. 


Error  analysis  for  the  aeascreient  cf  straic. 


The  criteria,  whick  deteraine  the  selection  of  cne  or  the  other 
■ethod  of  neasuring  the  strain,  are  accuracy/precisicn,  labor 
consunption,  the  possibility  of  autcnatic  recording. 


Birst  of  all  one  should  consider  the  degree  of  accuracy  of  the 


measurement  of  strain. 


For  its  deternination  is  proposed  the  following  dependence: 


where  j - deformation  rate; 


t - tine  between  measurements,  or  conticl  tine; 


6 - pernissible  error  in  dete rninatian 


1 - an  absolute  error  (accuracy/precisicr)  in  the  neasurenent  of 


strain. 


; 
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control  time  - time  interval  between  lease  cements,  dering  which 
at  the  cate  of  deformation  « can  occur  the  accumulation  of  strain, 
sufficient,  so  that  at  the  assigned/prescrited  value  of  A the  rate  of 
deformation  % could  be  determined  with  accuracy/precision  6. 
Consequently,  if  the  deformation  rate  is  changed  during  the  time 
interval, which  is  lesser  than  the  ccntccl,  then  with  the  selected 
accuracy  of  measurement  this  change  in  the  velocity  cannot  be  fixed. 

Fage  266. 

For  example,  with  1=5*  10"*  mm  and  e = io~J  im/h  (i.e. 

«•  10*'*0/o/hour  at  the  length  of  the  working  part  of  the 
specinen/sanple  i=25  mm)  taking  into  account  the  fact  that  the 
process  of  creep  influence  different  factors  (technology  of  obtaining 
material,  medium,  the  degree  of  evacuation/iaiefaction,  the  value  of 
the  inleakages,  etc.) , which  can  cause  a change  in  the  deformation 
rate  to  20o/o,  one  should  accept  d<:5o/o;  then,  accordingly  (6.2), 
ccgtrol  time  will  be  10  h.  Eut  if  A=0.1«10'3  mm,  then  t=0. 2 h. 

In  this  case,  it  is  necessary  to  keep  in  aind  that  the  increase 
cf  the  absolute  accuracy  cf  the  measurement  of  strain  can 
significantly  expand  the  possibilities  of  the  analysis  of  the 
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factors,  which  influence  prccess  ol  creep. 

Cathetometers  (Pig.  223)  must  provide  the  accuracy  of  the 
aeasurement  of  strain  tc  1 pn,  what  tc  io  practice  attain  is  very 
difficult  due  to  the  effect  of  different  errors  in  the  optical 
■easurement. 

Accumulated  error  can  te  determined  as  fellows: 

A/.  + A/j  + ^ + A/,,  (6*3> 

where  a/,  ~ a reading  error; 

Alz  - error  in  the  gui cance/induct ion  fer  the  measured 
cb  jec-kive; 

Als  - error  in  the  levelling; 

- error  caused  by  the  insufficient  nutnal  rigidity  of 
supports  1,  2,  3 (see  Fig.  223). 
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Fig.  223.  Measuring  circuit  of  strain  with  the  aid  of  ca thetoaeter. 

Page  267. 

For  aeasuring  the  distance  between  standard  points  - the 
sectipn/shear  of  the  welded~on  to  speciien/sai pie  plates  — the 
telescope  of  cathetoaeter,  rigidly  connected  with  the  system  of 
■icroaetric  reading,  alternately  is  aiaed  at  each  standard  point. 

The  systea  of  aicrcietric  reading  lakes  it  possible  to 
record/fix  the  displacement  of  telescope  with  accuracy /precision  1 
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pa,  although  in  this  case  it  is  difficult  tc  avoid  the  ector  for 
subjective  character  during  the  visual  division  of  the  side  of 
reading  parallelogram  into  10  {arts. 


More  essential  can  be  the  errors,  connected  with  the 
accuracy/precision  of  g cidance/inducticn,  which  depends  on  an  increase 
in  the  telescope,  i.e. , on  the  distance  bet  keen  the  telescope  and  the 
standard  point.  This  distance  is  determined  ty  the  size/dimensions  of 
the  canera/cbamber ; therefore,  an  increase  cannot  be  large. 
Furthermore,  at  the  high  temperatures  of  testing  the  bright 
brightness  of  specimen/sample  impedes  precise  guidance/induction  to 
standard  point. 


The  accuracy  of  the  measurement  of  strain,  also  substantially 
influence  the  mutual  rigidity  of  supports,  the  accuracy/precision  of 
levelling,  etc.  Thus,  tie  measurement  of  high-temperature  strain  by 
cathetometer  with  accuracy/precisicn  1 pm  - the  very  labor-consuming 
process,  which  requires  the  breaking  stress  of  operator. 


Eet  us  examine;the  second  mettod  of  measuring  the  strain,  which 
consists  in  the  account  of  the  displacement  cf  the  active  thrust/rod: 

A/r  = A/;  + A/;  + A/3  + Ai;,'  (6.4) 


MMMI 
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vhere  \[T  - displacement  of  active  thrust/rcd; 


- strain  of  the  working  part  of  the  specimen/ sample; 


- strain  of  adapters  of  the  spe ci men/ sample ; 


~ strain  of  the  articulation  of  the  circuit  of  the  loading 


cf  specimen/sample; 


~ strain,  produced  change  in  the  temperature. 


is  is  evident,  a deficiency  in  this  setbed  is  the  fact  that  the 


displacement  of  active  thrust/rod  is  determined  not  only  amount  of 


the  strain  of  specimen/sample. 


to  the  advantages  cf  method,  cne  should  relate: 


1)  simplicity  and  ccnvenience  in  the  measurement; 


2)  a small  labor  consumption; 


3)  the  possibility  of  the  automation  cf  the  process  of 


measurement. 
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loads  during  the  tests  of  faigh-teiperature  creep  are  small 

lyf 

[•=5-100  aS/i*  (0.515-10.2  kg/nm*)  . Therefore  with  those  selected  by 
us  fora  and  the  mize/diaensions  of  speciaen/saaples  the  strain  of 
adapters  a/'  either  is  cegligible  (since  the  stress  in  thes  2-5  tines 
less  than  ia  the  vorking  part  of  the  speciien/s anple) , or  it  occurs 
with  constant  velocity,  in  consequence  cf  which  it  S is  possible  to 
easily  consider.  On  this  saie  reason  the  strain  in  articulation  A/' 
is  also  insignificant. 


Page  268. 


!fl 

Numerous  tests  with  the  aeasuienent  of  strain  according  to  the 
schematic,  presented  in  Pig.  223,  they  showed,  that  to  the 
assigned/prescribed  change  in  the  temperature  corresponds  the 
completely  specific  displacement  of  active  thrtst/rod 


The  systematic  chaiacter  cf  errors  in  the  uechanical  method  of 
■easuring  the  strain  makes  it  possible  to  eesily  consider  these 
errors. 

Measurement  and  temperature  control  of  testing. 

During  testing  with  heating  cf  spccincn/sanple  to  800°C  the 
measurement  of  tenperatcre  usually  manufactures  with  chrcael-aluael 


|L 
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thermocouples,  while  at  temperatures  frca  800  tc  1300°C,  are  applied 
platinua-platinua-rhodiua  theraocouples. 


For  aeasuring  the  higher  temperatures,  are  utilized 

M^S/ZD. 

tuqgsten-r heniua  theraocouples  of  the  type-frPSy^,-  It  shoald  be  noted 
that  the  characteristics  of  these  theraocouples  are  slightly  stable 
and  are  changed  in  the  piccess  cf  prolonged  operation;  therefore 
before  each  experiment  it  is  necessary  to  isnufacture  the  calibration 
of  theraocouples. 

Together  with  theraocouples  for  measuring  high  temperatures 
(2  100-2600°C)  we  applied  the  optical  pyrometers  cf  the  type  OPPIH-09 
and  OPPIR-0 17. 

During  the  aeasureient  of  the  temperature  cf  specinea/saaple  by 
optical  pyrometers  it  is  necessary  to  hear  in  wind,  that  in  the 
process  of  endurance  tests  cn  sight  glass  cf  installation  appears  the 
fila  as  a result  of  precipitating  the  material,  which  vaporizes  from 
the  surface  of  heater  and  speciien/saap le.  With  an  increase  in  the 
thickness  of  file,  the  transparency  of  glass  is  decreased,  which  can 
introduce  essential  errors  into  the  aeasureient  of  the  real 
temperature  of  speciaen/sa iple.  Therefore. sigh t glasses  anst  have  the 
safety  devices  which  are  open/disclosed  oaly  during  the  aeasureient 
cf  temperature. 


I 


i 
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During  the  utilization  of  pyrcneters,  they  occur  of  error  during 
the  ccaparisoi)  of  the  brightness  cf  body  and  filaaent,  and  also  the 
error*  caused  by  absorption  in  the  aediua  between  the  telescope  and 
the  eiitting  body  whose  teaperature  is  aeasured.  The  first  of  the 
errors  indicated  usually  does  not  exceed  1c/o;  the  second  - increases 
with  an  increase  in  the  aeasuced  teaperature  and  at  2S00°C  it  reaches 
values  by  1-I.So/o.  Precise  values  of  teaperature  deternine, 
introducing  the  appropriate  corrections  where  values  install  by 
aeasuring  the  teaperature  of  special  speciaen/saaples  with  the  holes, 
which  iaitate  the  conditions  of  blackfccdy  radiation  [197]. 


A control  of  the  teaperature  in  the  process  of  endurance  tests 
reaTize/accoaplish  with  the  aid  of  teaperatrre  controllers  and 
automatic  electronic  potentioaeters  of  the  type  EPP-09H,  which  ensure 
accuracy/precision  with  ^C.5o/o  frea  the  aaxiaua  liait  of  the  scale 
cf  aeasureaent,  that  fer  tccls  with  the  calibration  of  the  scale  KhA, 
PP  and  VR  coaposes  *5.5,  *8  and  *17  deg  witk  respect  [ 194,  198  ], 
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Accuracy  analysis  of  teiperature  control. 
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the  dependence  of  creep  rate  lT  for  alley  VN-2  at  stress  *=75 
*/■«  (7.65  kg/aa?)  that  of  the  temperature,  can  be  represented  by 
the  formula 


|i 


i 


i 


lgi  = -3.5  + 0,015  • Ar 

at  teeperatures  froa  1180°C  to  teaperatore  cf  1320°C.  To  Fig.  224  is 
represented  the  dependence 

*i  /(AD.  (6.5) 

*r+*r 

where  ' - a creep  rate  at  teiperature  T; 

*r+ar  - creep  rate  at  teiperature  T + AT; 


AT  - interval  of  the  oscillations  cf  teaperatore. 


Utilizing  for aula  (6.5),  it  is  possible  tc  show,  as  depends  the 
accoracy/precision  of  the  deteriination  of  creep  rate  A on  the 
oscillation  of  the  temperature: 


(6.6) 

(6.7) 


Fig.  224.  Effect  of  an  interval  of  the  oscillation  of  teaperature  on 
a change  in  the  deforaation  cate. 


Key:  A 1)  * AT,  deg. 


Table  32.  Effect  of  an  interval  of  the  oscillations  of  temperature  on 
the  accuracy/precision  cf  the  deterainati.cn  cf  the  deforaation  rate. 


A7\  ipadC I)  . . . 5 io  15  20  25  30  35 


Ah  1, 15  28  30  ' 48,5  57  «3  68 

At.  •/, 18  39  64  95  132  170  214 


Key:  (1).  AT,  deg. 
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Magnitudes  of  error  in  the  aeasureient  cf  the  deforaation  rate, 
calculated  according  to  fcriulas  (6.6)  and  (6.7),  are  given  in  Table 


1 


r 


I 
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32,  which  gives  the  sharp  representation  aheut  the  fact  that  an 
increase  in  the  interval  of  the  oscillations  of  teaperature  strongly 
affects  the  accuracy/precis icn  cf  the  deteriina tion  cf  creep  rate 
er.  aoreover  with  a teaperature  rise  the  error  it  is  increased. 


Given  data  place  in  doubt  the  possibility  cf  the  wide 
application  of  electronic  faders  cf  the  teiperature  during 
bigh-teaperature  tests  sith  the  application/use  of  high  (ly ) -inertia 
heaters. 


Heaters. 

Por  heating  of  speciaen/saaples  during  the  tests  of  high-aelting 
aaterials  for  creep  and  stress-rupture  strength,  is  utililed  in 
essence  the  radiation  aethod  of  heating. 


With  wish  it  is  possible  to  heat  specicen/saaple  by  the  direct 
transaission  of  electric  current.  This  netted  of  heating  is  very 
siaple,  do  net  require  substantial  changes  in  tic  heating  systea, 
used  for  radiation  heating,  and  easily  there  can  be  realised  in  all 
coqstruction/designs  of  the  testing  aachines:  fer  this  it  is 
necessary  one  of  the  captures  to  electrically  insulate  froa  the  aass 
of  installation  and  with  the  aid  of  flexible  fcusbar/tires  to  bring 
stress  to  captures. 
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It  was  shown  [ 199,  200  ],  that  the  direct  transmission  of  the 
current  through  specimen  dees  not  have  this  effect  on  the  physical, 
mechanical  and  chemical  properties  cf  material  which  would  differ 
free  the  effect  of  radiation  heating. 


However,  for  direct  heating  by  electric  current  the 
characteristically  paraiclic  temperature  distribution  over  the 
working  length  of  specimen/sample.  Hith  the  increase  of  temperature, 
this  law  considerably  is  reinforced.  Furthermore,  in  the  region  of 
neck  as  a result  of  the  lccal  increase  cf  electrical  resistance,  as  a 
rule,  cccurs  the  hot  spet  cf  specimen/sample. 


Bor  heating  of  specimen/samples  by  emissici/radiation  are 
prepared  the  heaters  frem  plates  or  rods  of  refractory  metals  - 
tungsten,  molybdenum,  tantalum  or  riobium. 


As  the  criteria  of  a comparative  evaluating  of 
construction/designs  of  heaters  car  serve  such  characteristics  as 
expenditure  of  power  on  heating  of  specimen/sample  for  obtaining  the 
assigned/prescribed  t*  perature,  the  possibility  of  obtaining  the 
even  distribution  jf  temperature  cp  the  working  part  of  the 
specimen/sample,  the  reliability  of  their  ccntiauous  operation  and 
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the  labor  consumption  of  manufacture 


In  our  practice  are  applied  in  essence  laiinated  heaters  (Fig 
225)  in  the  fora  of  cut  tube  - for  heating  cf  cylindrical 
s peci ae  d/s a a pies,  and  the  strip  heaters  - for  flat/plane 


Basic  advantage  of  the  constr octicn/dcsign  of  such  beaters  is 
minimum  distance  (1-2aa)  between  its  walls  and  the  speciaen/saaple , 
which  provides  a ccmpar atively  snail  difference  in  the  temperatures 
of  speciaen/saaple  and  heater  and  leads  to  a sharp  reduction  in  the 
expenditure  of  power  in  comparison  with  other  ferns  of  heaters  [158 


198].  Figure*  226  depicts  the  dependence  of  the  expenditure  of  the 


power  cf  electric  power,  necessary  for  heating  of  the  speaimen/saaple 


to  the  assigned/prescrited  temperature  with  the  aid  of  the  heaters  of 
cur  construction/design,  aanufactured  froa  tantalum. 


Bor  an  increase  in  the  rigidity  of  heater,  is  provided  for 
special  bracket  1 with  insulator  by  2 (Fig.  227),  which  provides  the 
invariability  of  the  fora  of  heater  in  the  process  of  endurance 


tests. 
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The  even  distribution  of  tenperature  along  the  length  of  the 
'•ctking  pact  of  the  specinen/sanple  is  achieved  because  of  the 


barrel-shaped  forn  of  heater  or  because  of  the  special  forn  of  the 
working  plates  (see  Fig.  227b).  The  distance  between  the  heater  and 
the  specinen/sanple  is  liniial,  since  the  captures  are 
arrange/located  out  of  beater. 
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In  the  majority  at  present  cf  the  cons  t rue  tioa/ design  s of 
heaters  used  is  provided  for  the  input/int reduction  of  captures  into 
the  cavity  of  heater  [157,  158,  196],  which  leads  to  a considerable 
increase  in  the  distance  (tc  15-25  n)  between  the  heater  and  the 
specimen/sample,  and  cocseguently,  to  a sharp  increase  in  the  power 
consumption,  spent  on  heating  cf  s pecimen/sa up le . This  conclusion 
confirm  the  results  of  the  conducted  by  us  investigation  of  the 
effectiveness  of  ray  heat  exchange  between  the  surfaces  of  flat/plane 
heater  and  specim  n/sample  in  dependence  or  the  distance  between  them 
(Fig.  228)  . 

On  Fig.  228  it  follows  that  with  an  increase  in  distance  h 
between  the  surfaces  of  specimen/sample  and  heater  (Pig.  229)  from  1 


to  5 an  the  effectiveness  of  ray  heat  exchange  rj  between  then  sharply 
falls,  but  with  further  increase  in  this  distance,  it  is  changed 
insignificantly  and  remains  low. 


f 


r 


Fig.  227.  The  scan/developaent  of  the  flatyplane  heater,  which 
ensures  the  unifori  heating  cf  the  working  fart  of  the 
sp eciaen/sam pie:  a)  the  plates  cf  heater  have  special  fore;  b) 
tar rel-sha ped  heater. 

n 


Fig.  228.  Dependence  of  effectiveness  of  heat  exchange  (<>)  on 
distance  ( h)  between  heater  and  spcciser/saaple. 


Fig.  229.  Diagraa  of  nutual  layout  of  specinen/sample  and  heater. 

Cage  273. 

Fcr  the  majority  of  known  heating  systems  [157,  158,  198] 
characteristic  ones  are  the  high  values  ht,  coder  20-25  mm,  and 
hj=15-20  mm  (see  Fig.  2 29a).  In  these  cases,  as  it  follows  fro*  Fig. 
228,  on  heating  of  spec imen/sample  , is  exper d/consumed  the 
insignificant  part  of  thermal  energy,  its  lesic  part  is  spent  on  the 
heating  of  massive  thrust/reds  for  purpose  cf  the  decrease  of 
temperature  differential  along  the  length  cf  s p ccimen/sa mple. 


From  the  point  of  view  of  the  increase  cf  the  effectiveness  of 
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heating  systems  more  rational  is  the  schematic*  presented  in  Fig. 

229*  characteristic  feature  of  which  is  the  fact  that  the  massive 
thrust/rods  do  not  enter  in  the  heating  zcfe*  tct  heater  is 
considerably  approximated  tc  speci xen/samp le.  Values  h2  in  such  cases 
caq  compose  1-2  mm*  and  ht  = 4-7  mm. 


la  such  systems  of  heating  because  of  the  considerable  size 
decrease  of  heater  and  increase  of  the  effectiveness  of  ray  heat 
exchange  between  the  heater  and  the  specimec/saiple  4-5  times*  are 
reduced  the  expenditures  cf  electric  power  cn  heating  of 
specimen/sample  to  the  assicned/presctibed  temperature  during  the 
safeguard  for  uniform  heating  cf  its  working  part. 

Emissicn/radiation  of  the  temperature  distribution  along  the  length 
cf  specimen/sample. 

Temperature  contrast  along  the  length  cf  the  working  part  of  the 
specimen/sample  causes  the  rcnunifcrm  strain  cf  its  separate 
sections,  which  can  lead  to  essential  errors  during  determining  of 
the  characteristics  of  creep. 

tet  us  isolate  on  the  working  part  of  the  speci  men/  sample  with 
the  aid  cf  the  graduation  narks  three  sections  ty  length  on  2nn*  as 
shown  in  Fig.  230*  and  let  us  assuie;that  lean  temperature  and  the 
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average  speed  of  strain  on  sections  1,  2,  3 are  respectively  equal 
to;  7t,  «t;  Ti,  «t;  7*  e*. 

If  is  considered  that  in  the  preserce  cf  uneven  heating  along 
the  length  of  the  specinen/tanple  which  is  characterized  by  the 
distribution  of  tenperatnres  Tt»T,<T,#  vill  cccer  the  distribution  of 
the  rates  of  defor nation  ei=«*<e*  it  is  possible  to  deternine 

error  At  for  neasnrenent  e as  follows: 


=0,66  — 0.66(« Jh),  (6.8) 

where  6 - decrease  At  because  cf  tie  nenuaifornity  of  the  strain 

• • • 
ei=«i  < e». 

Eage  274. 

The  value  of  error  A in  dependence  on  the  ratio  of  the 
velocities  of  strain  is  represented  graphically  in  Fig.  231. 

In  Fig.  224  was  represented  the  dependence  ei/e2  on  AT  for  alloy 
VN—2  with  stress  75  hlN/n*  (7.65  leg/nn*) . lith  tie  aid  of  Fig.  224  and 
231  it  is  possible  to  detersine  A,  by  knowing  the  teaperature 


A 
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differential  along  the  length  of  specimeg/saaple  AT.  For  example,  for 
AT*10  deg  value  A composes  19o/o.  In  this  case,  it  must  be  noted  that 
at  one  and  the  sane  value  AT  for  different  latcrials  of  the  value  of 
relation  e,/e2  are  different,  and  consequently,  are  distinguished 
values  A. 

The  given  calculation,  in  spite  of  the  averaging  of  the  values 
cf  velocities  for  individual  sections,  convincingly  shows  that  even 
an  saall  (~  10  deg)  temperature  differential  leads  to  the  significant 
errors  in  determining  cf  the  characteristics  cf  creep.  The  degree  of 
evacuation/rarefaction  and  the  inleakage  in  test  chaaber,  the 
coaposition  of  medium  and  material  of  heaters,  and  also  other  factors 
have  to  a greater  or  lesser  extent  effect  cn  the  rate  of  creep  strain 
cf  refractory  metals.  Under  these  conditions  the  non  uniformity  of  the 
teaperature  distribution  alcng  the  length  cf  s pecime n/sa mple  must  be 
brought  to  ainimua. 

At  present  the  non  uni fcrmity  cf  heating  s pecimen/saaple,  as  a 
rule,  they  determine  with  the  aid  cf  tbermcccu pies  by  measuring  the 
teaperature  in  different  point  of  the  heated  speciaen/saaple. 
Unfortunately,  the  higher  the  temperatcre,  those  less  sensitive 
theraocouples  it  is  necessary  to  utilize.  This  leads  to  the  fact  that 
the  adcuracy  of  the  measureaent  of  temperatcre  actually  exceeds  the 
permissible  gradient.  In  connection  with  this  is  developed  the  method 
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cf  determining  of  temperature  differential  aloqg  the  length  of 
specimen/sample,  instituted  on  the  account  cf  a change  in  the  length 
cf  different  sections  of  its  working  part  after  strain. 
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fig.  230.  Specimen /sample  for  measuring  the  strain  of  individual 
sections. 


Fig.  231.  Effect  of  nonuniformity  cf  distribution  of  rate  of 
deformation  of  specimen/sanple  on  accuracyyp recision  of  its 
deterninat ion. 
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Jf  temperature  in  all  joints  of  the  working  part  of  the 
specimen/sample  is  identical,  then  also  the  rate  of  deformation  of 
its  separate  sections  will  te  one  and  the  sane.  Knowing  the 
dependence  of  the  rate  cf  deformation  of  this  leterial  on 
temperature,  on  a difference  in  the  strain  cf  individual  sections,  it 
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is  possible  to  deteraine  the  teaperature  differential  along  the 
length  of  specinen/saaple.  However,  in  this  case,  one  should  consider 
the  error,  caused  by  the  local  character  of  plastic  defornation. 
Figures  232  depicts  the  graph  cf  strain  dietribotion  for  the 
speciaen/sanple  of  alloy  ci)  the  basis  of  nicbius  on  section  5 an  in 
lci»g  at  teaperature  of  1300°C  (overall  strain  ccaposed  9.8o/o)  . The 
strain  of  sections  0.2  ■■  it  lcng  oscillates  within  liaits  from 
8.60/0  to  llo/o;  for  sections  2 in  in  lcng  cscillaticn  it  is  less  - 
within  liaits  of  9.6-10c/c. 

It  the  length  of  sections  t=2  an  and  their  during  relative 
strain  IO0/0,  aaount  of  the  strain  of  each  section  during  the  even 
distribution  of  teaperature  (without  the  account  the  locality  of 
strain)  is  200  pa.  A difference  in  the  strains  for  individual 
sections  coapeses  10o/o-9. 6c/o=0. 4c/o,  i.e.,  8 jib.  Then  froa  eguation 
(6.8)  it  follows  that/4=4o/c.  Putting  to  use  graphs  in  Fig.  224  and 
231,  we  find  that  the  sene  error  in  the  detera ination  of  the 
defornation  rate  can  be  caused  the  teaperatcre  differential  along  the 
length  of  specinen/saaple,  egual  tc  2 deg. 

Absolute  accuracy  p,  froa  which  oqe  should  aeasure  the  distances 
between  grooves  in  spec iaec/saiple  during  the  study  the  teaperature 
differential,  can  be  deterained  frea  the  rclatienship/ratio: 


(6.9) 


Fig.  232.  Strain  distribution  according  to  speciaen/saaple  made  of 


alloy  on  the  basis  of  niotiua  at  teaperature  cf  1300°C. 
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Characteristics  of  strength  and  plasticity  cf  refractory  netals  under 
the  prolonged  effect  of  load  and  teaperature. 

In  the  Institute  of  the  probleas  of  the  strength  of  AS  UkSSF, 
are  carried  out  the  investigations  of  creep  and  stress-rupture 
strength  of  aolybdenua,  niobium,  tantalua  and  acae  alloys  on  their 

basis  whose  results  are  given  in  present  paragraph. 

l 


DOC  * 78133009 


PIG E "5-1- 


220b) , while  for  the  tests  cf  molybdenum  - cylindrical  (see  Fig. 
220c)  specimen/samples.  Basis  of  tests  was  10-500  h. 


Tantalum  1 • 

I 

FCCTNOTE  ».  Composition  - see  Table  3.  END JCCTNCTE. 

Together  with  tungsten  tantalum  is  the  refractory  metal  (melting 
point  composes  2996°C) ; however,  its  strength  during  short-term  and 
endurance  tests  is  lower  than  the  strength  cf  tungsten. 
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Fig-  233.  The  stress-rupture  strength  of  tantalum:  1 
900°C* 


Key:  (1).  MN/m^  (kg/mm^).  (2).  h 


-at  800°C;  /at 


Table  33.  Creep  rates  of  tantalum. 


Keyi  (1).  Testing  temperature,  °C.  (2).  Stress,  f^N/m2  (kg/mm*). 
(3).  Time  to  failure,  h.  (4).  Creep  rate,  C/C  per  hour. 
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Figure*  233  depicts  the  results  of  the  tests  of  unalloyed 
annealed  tantalum  for  stress-rutture  ctrannu  «u>.  . .j  nnnn^ 


I 
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Stress-rupture  strength  (base  100  h)  at  80C°C  is  equal  to  115ft|N/n2 
(11.7  kg/aa2),  and  at  900°C  it  is  60/HN/a2  (8.2  kg/a»2).  Follows  to 
note  that  an  incidence/drop  in  the  stress-rupture  strength  with  an 
increase  in  the  duration  of  tests  is  snail  (angle  of  the  slope  of 
curved  stress-rupture  strength  tc  tine  axis  is  snail). 

I I 

The  values  of  the  creep  rates  cf  tantalui  they  are  brought  in 
“fable  33. 

Alloy  Ta-10#  W1. 

FOOTNOTE  \ Composition  - see  Table  3-  ENDFOOTNOTE. 

The  stress-rupture  strength  of  pure  tantalui  can  be  raised,  by 
alloying  by  other  its  refractory  netals.  ore  of  the  aost  widely  used 
alleys  of  tantalua  with  tungster  it  is  Ta-ICc/c  V. 

The  investigation  cf  creep  and  stress-rupture  strength  of  this 
alley  were  conducted  with  8CC,  900,  1300  and  1800°C.  Figure#  234 
depicts  the  results  of  the  test  of  stress- rupture  strength. 

' 1 

Froa  given  data  follows  that  the  stress-rupture  strength  of 
alloy  Ta-1 Oo/o  W with  800  and  900°C  falls  irtc  tine  insignificantly, 
whereas  at  teaperatures  1300  and  1800°C  iaeet  a powerful  redaction  in 
the  strength  with  an  increase  in  the  duraticn  of  tests. 
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Fig.  234.  The  stress-r upture  strength  of  alloy  Ta-IOo/o  1.  1 

600°C;  2 - at  900°C;  3 - at  1300°C;  4 - at  1£CG°C. 


Key:  (1).  <r,  M M/e*  (kg/n o*)  . (2).  -t a h. 
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The  comparison  of  the  results  of  the  test  of  the  stress-rupture 
strength  of  pure  tantalum  (see  Fig.  233)  and  of  alloy  TaelOo/o  H (see 
Fig.  234)  it  shows  that  the  alley  ccrsideratly  stronger  than  pure 
taptalum:  its  stress-rupture  strength  proves  to  be  3-3.5  times 
higher. 


Table  34  gives  the  results  of  measuring  the  creep  rate  of  alloy 
Ta-IOo/o  8. 


Molybdenum.  The  results  of  the  test  of  the  unalloyed  molybdenum* 
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for  stress-rupture  strength  with  1400°C  arc  given  to  Pig.  235, 
where  along  the  axis  of  ordinates  is  plotted  stress,  and  along  the; 
axis  pf  abscissas,  - a logarithm  ct  ti«e  tc  failure. 

FOOTNOTE  1 . Composition  - see  Table  3.  ENDFCCTNCTE. 

All  experimental  points  well  fit  a straight  line;  therefore,  the 
functional  dependence  between  stress  and  tiie  tc  failure  for 
molybdenum  can  be  represented  in  tie  following  fora: 

t = Ae'\  (6.10) 

where  t - time  to  the  failure 

w - stress; 

A,  a - constant  coefficients. 


I 


\\ 
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fable  34.  Creep  rates  of  alloy  Ta-  IQo/e  a. 


Te unapt Ty pa 

HCnUTSHlS, 

‘c0> 

Hinpixciine. 
Mh/m * (kT/jmi*) 

no 

Bpexa  10 
paspyuie- 

HUB, 

r*> 

CKOpOCTb 

■oisy*tecTM. 

900 

294,0  (30) 

283,0 

0,011 

313,6  (32,5) 

96,0 

0,033 

333,2  (34,2) 

86,0 

0,070 

352,8  (36,3) 

14,5 

0,250 

1300 

68,6  (7,0) 

244,0 

0,055 

82,32  (8,4) 

65,0 

0,300 

98,98  (10,1) 

14,0 

1,35 

1800 

22,54  (2,3) 

46,0 

0,860 

29,4  (3,0) 

12,0 

1,500 

39,2  (4,0) 

1.0 

16,000 

Ke y:  ,(1).  Testing  teaperature,  °C.  (2).  Stress,  M*/a2  (kq/aa2) 

(3).  Tine  to  failure,  h.  (4).  Creep  rate,  % per  hour. 


2 * SSltT’  2 '*  tttf’  2 4 ttW* 

T>*(v> 

Pig.  235.  St .ess-rupture  strength  of  aclybdcnua  at  teaperature  of 
1400°C. 


Key:  (1).  o',  M N/a*  (kg/aa*) . (2).  r,  h. 
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the  values  of  the  creep  rates  of  aolykdcnui  for  different 
stresses  are  given  in  Table  35. 

Alloy  VH-1  1 in  initial  state  is  characterized  by  the  noticeable 
structural  heterogeneity:  together  with  tbs  sccticas  of  the 


■ 
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relatively  even  distributicn  of  filrous  structure,  there  were 
whirlpools  of  filaments. 

FOOTNOTE  *.  Composition  - see  Table  3.  FNDfCCTNCTE. 

It  turned  out  that  the  whirlpools  had  large  hardness  [ H=3500-5000 
NN/m2  (357-408  kg/mm2)],  than  remaining  material  [ H=2300-2700  hlN/a2 
(235-276  kg/mm2)].  This  is  one  of  the  confirmation  of  the 
heterogeneity  of  strain  distributicn  after  rolling  in  this  alloy;  the 
presence  of  sections  with  different  hardness  affects  the  course  of 
recrystallization,  strain  and  the  decomposition  cf  material. 
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able  35.  Creep  rates  of  nclybdenun  with  10C0°C 


HtnpaweHMc. 

Mm/m*  \*r;M£) 


liae  tc  failure,  h, 


rate,  o/o  per  hour 


Key:  (1).  HN/n*  (kg/mn*).  (2).  h 


The  curve  of  the  stress-rupture  strength  cf  alley 


at  1600°C 


COC  = 78133009 


PAGE 
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is  represented  in  semi- logarithmic  coordinates  in  Fig.  236a.  From 
curve/graph  it  follows  that  the  dependence  letween  stress  and  time  to 
failure  can  be  described  by  equation  (6.10),  as  in  the  case  of  pure 
molybdenum. 

VM 

The  results  of  the  test  of  alloy  1 are  represented  also  in 
the  logarithmic  system  cf  coordinates  (Eig.  236  t).  In  this  case  on 
the  graph  of  stress-rupture  strength,  there  is  a break.  Judging  by 
curves  of  creep,  to  the  onset  cf  break  (50  t)  still  occurs  an 
increase  in  the  strain,  and  then  gradually  it  ceases.  This  gives 
grounds  to  assume  that  the  freak  corresponds  tc  the  replacement  of 
the  mechanisms  of  creep  - tc  transition  frci  shift  mechanism  to 
diffusion. 

Thus,  it  can  be  assumed  that  the  power  dependency  between  stress 
and  time  to  the  failure 


t = (6.11) 

where  8,  8 - constant  coefficients,  characterize  the  physical 
processes,  which  occur  in  material;  however  for  the  facilitation  of 
extrapolation  to  conveniently  put  to  use  expenential  dependence 


PAGE  -44- 
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Table  36  gives  corrected  values  of  creep  rates  for  different 
stresses  with  1600°c. 

Alleys  on  the  basis  of  riobiun  >. 

FCGTN0TE  ».  Composition  - see  Table  3.  ENDFCCTKCTE. 

Niobium  and  its  alloys  possess  good  plasticity  and  comparatively 
high  heat  resistance,  having  in  this  case  lev  specific  gravity/veight 
in  comparison  with  refractory  letals  - nolyldenna,  by  tantalua  and 
tungsten. 


I carried  out  the  investigaticn  of  creep  and  stress— rupture 

Vaj 

strength  of  alloys  *6-2,  Nfc  - 9.8o/o  Mo  (alloy  1),  Nb  - 9o/o  Mo 
(alloy  2). 
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Luv.  — #o  ijjuvj  rauc  — . — . 

'table  36.  Creep  rates  of  alloy  ^-1  at  160Q°C, 


Huoikui. 
Mm/jP  («/■  Imm*) 

fn 

BpOUO  10 

CMfocn. 

nOJi»y»oeT»,  V*  ^ 

11.0  (1,12) 

133 

0,0065 

13.0  (1.32) 

124 

0,0200 

18,0  (1.84) 

54 

0,0575 

22,5  (2,26) 

49 

0,1690 

Key:  (1).  Stress,  AdlN/a*  (kg/sn2).  (2).  line  tc  failure,  b.  (3) 

Creep  rate,  o/o  per  hour. 
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According  to  their  structure  ciobiua  alloys  are  solid  solutions 
and  ace  not  strengthened  by  teiper  hardening.  niobium  alloys  can  be 
strengthened  by  the  dispersed  particles  of  carbides,  oxides  and  other 
compounds,  which  are  generated  during  the  reaction  of  the 
cell/eleaents  of  implementation  with  zirconium,  titanium,  hafnium  and 
ether  additions.  In  this  case,  it  is  possible  within  considerable 
limits  to  nary  strength  and  plasticity  cf  alleys. 


vJ^-2.  The  results 


Alloy  ^vm-2.  The  results  of  the  tests  cf  alloy  € 2 for 
stress-rupture  strength  are  given  to  Fig.  237  and  in  Table  37. 

As  can  be  seen  from  Fig.  237,  test  results  satisfy  veil  power 
dependency  (6.11)  in  the  investigated  teapexature  and  tine  intervals. 
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Fig.  237.  The  stress-rapture  strength  cf  alley  \A/-2. 
Key:  < 1) . MN/»*  (kg/««*).  (2).  h. 


Table  37.  Creep  rates  of  alloy  W-2. 


Teuaeparypa 

MCOUTIMMI, 

*c  (n 

HlipUMH, 

At* /M*  {gr/MM*, 

no 

CcopocTt 

nojisy^ecm. 

%/,  ^ 

1000 

196,0  (20,0) 

1,92 

176,4  (18,0) 

0,5 

135,24  (13,8) 

0,11 

1100 

117,6  (12,0) 

1,56 

79,38  (8.1) 

0,286 

66,64  (6,8) 

0,113 

1200 

73,5  (7.5) 

2,0 

68,6  (7,0) 

1,32 

55.86  (5.7) 

0,188 

52,92  (5,4) 

0,168 

1400 

26,46  (2.7) 

1.9 

23,52  (2.4) 

1,06 

18,13  (l.«5) 

0.4 

Key:  j(1) . Testing  temperature,  °C.  (2)  '.  Stress,  nK/n2  (kg/sn2) 


(3).  Creep  rate,  o/o  per  bcur. 
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For  an  alloy  is  characteristic  high  strength.  Niniaua  plasticity 
occurs  with  1000°C;  permanent  elongation  in  this  case  coaposes 
20-25o/o.  Higher  than  110G°C  is  observed  tie  considerable  increase  of 
plasticity  (6=45-50o/o)  and  at  1200°C  plasticity  is  Baximmm 
(6=70-75o/c)  . At  this  teaperature  occurs  an  increase  in  the  plastic 
deforaation  with  an  increase  in  the  tine  tc  failure  during  the 
decrease  of  load. 


At  1300-1400°C  plasticity  scaewhat  descends;  however,  all  the 
sane  is  sufficiently  high  (d=5C-6Cc/o)  . 


The  values  of  the  rates  of  the  steady-state  creep,  designed  on 
the  basis  cf  priaary  curves  of  creep,  are  given  in  Table  37. 


Alloy  1 differs  significantly  free  alley 


n Vt'-f  • 

a alley  to  ^ in 


the  content  of 


aolybdenua  {9.8o/o  and  3o/o,  respectively)..  The  results  of  the  tests 
of  alloy  1 are  represented  in  Fig.  238a  and  in  Table  38. 
Ccanunication/connectior  between  stress  and  tine  to  failure  for  alloy 


1,  as  for  alloy 


iflU 


characterizes  power  dependency  (6.11).  The 


characteristics  of  the  beat  resistance  cf  alloy  1 at  high 

M/ 

teaperatures  are  somewhat  higher  than  fer  alley  2 (see  Table  37), 

at  the  same  time  the  plasticity  of  alloy  1 lower  than  the  plasticity 
cf  alloy  V|l-2. 


. %4r  • - 


Fig.  238.  The  stress-rupture  strength  of  alloys  on  the  basis  of  the 
niobium:  a)  alloy  1;  b)  alley  2. 


Key:  X 1)  . MN/a2  (kg/mm2).  (2).  h. 
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At  1000°C  plasticity  with  decrease  stress  and  an  increase  in  the  tine 
to  failure  remains  the  virtually  ccnstant/irvar iable  (permanent 
elongation  per  unit  length  after  decomposition  composes  34-36o/o)  , 


at 
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1200°C  value  6=35-40o/o#  while  at  1400°C  value  6=45-50o/o. 


The  values  of  the  creep  rates  cf  alloj  1 are  given  in  "fable  38. 


Alloy  2.  Test  results  for  this  alloy  are  represented  in  Fig. 


238b  and  in^Table  39. 


Stress  and  tine  to  the  failure  of  alley  1 are  connected  by 
exponential  equation  (6.11).  Tie  characteristics  of  the  plasticity  of 
alloy  2 are  considerably  lower  than  for  Vtf-2  and  alley  1.  So,  at 
10C0°C  the  elongation  per  unit  length  of  tie  s p ecinen/sanp le  of  alloy 
2 conposes  a total  of  5-7o/c,  at  1500°C  9-11c/c  and  at  1400°C 
12-15p/o.  However,  on  heat  resistance  alloy  2 considerably  exceeds 
twe  first  alloys. 


For  the  comparison  of  the  characteristics  cf  the  investigated 
alloys  of  niobiun  Fig.  239  and  240  depict  tie  temperature  dependences 
cf  honr  stress- rupture  strength  [lg  a0-tx  (I)  ] and  the  coefficient, 
which  determines  the  slcpe/inclination  of  tie  graph  of  stress- rupture 
strength  in  the  logarithmic  system  of  coordinates  [3=fj,(T)  ].  The 
first  dependence  characterizes  the  strength,  the  second  - creep 
strength. 


The  greatest  stress-rupture  strength  with  1000°C  has  alloy  2 


m 
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513 


1 


[469  /HN/n2  (48  kg/aa2)  with  holding  1 h];  hcur  stress- rupture 


strength  of  alloy  ia-2  and  cf  alloy  1 is  respectively  equal  to  276 


A 


and  165  jiN/a2  (27  and  17  kg/aa2)  (Table  39). 


— 
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ble  38. 

Cree 

p rates  of 

alloy  1. 

TeunepaTypa 

HupixtHM. 

Bpcua  ao 
pupyme' 

Ciofom 

NCnUTtHM*, 

T-i 

( an  mu ■) 

Qj 

■ Ml, 

'C%  i 

no^syiecTH 
%/-  ( 

1000 

146,02 

(14,9) 

6,5 

2,780 

122,50 

(12,5) 

41,0 

0,510 

102,90 

(10.5) 

137,0 

0,125 

1200 

77,42 

(7,9) 

5,5 

4,100 

63,70 

(6,5) 

35,0 

0,530 

53,90 

(5.5) 

110,0 

0,190 

49,98 

(5.1) 

117,0 

0,152 

1400 

52,92 

(5,4) 

2.5 

10,250 

24,50 

(2,5) 

63,0 

0,286 

14,70 

(1.5) 

583,0 

0,058 

Key:  (1).  Testing  temperature,  °C.  (2).  Stress,  MN/m2  ’(kg/am*). 

(3).  Time  to  failure,  h.  (4).  Creep  rate,  c/o  per  hour. 

i 

Page  284. 

Given  data  show  that  fcr  niobium  fusions  because  of  alloying 
with  different  cel 1/ele rent s can  be  obtained  tbe  essentially 
different  values  of  strength  and  plasticity;  however,  with  a 
temperature  rise,  these  differences  in  certain  cases  are  leveled.  So, 
at  1 400°C  value  of  hour  stress-rupture  strength  for  alloy  2 is  66 

tf  VA/  A# 

i(H/m2  (6.7  kg/mm2)  , for  alloy  m-2,  it  is  egual  to  63  WN/m2  (6.4 

M 

kg/mm*)  aqd  for  alloy  1-69  j»H/m2  (7  kg/a«2). 


b'/D 


"Table  39.  The  stress-rupture  strength  cf  niobium  fusions  at  different 
temperatures. 


Cn.ia*  i 

(" 

Tewnepa- 

ryp* 

HCflfaiTlHHff, 

°c 

0>. 

Mh/m*  ( kFImm *) 

ri} 

MhJm* 

( 

^kT/.h*») 

°a»< 

BH-2 

1000 

276 

(28,2) 

143 

(14,6) 

129* 

(13,1) 

114* 

(11,6) 

.100 

167 

(17) 

82 

(8.4) 

74 

(7,55) 

64* 

(6,5) 

1200 

114 

(11,6) 

50 

(5,1) 

44 

(4,5) 

37* 

(3.75) 

S'M  1 

1300 

84 

(8,6) 

29 

(3,0) 

26 

(2,63) 

22* 

(2,22) 

( 

1400 

62 

(6,3) 

17 

(1,72) 

14* 

(1,42) 

10* 

(1.02) 

CnjiaB  1 

1000 

165 

(16,8) 

111 

(11.3) 

105 

(10,7) 

96* 

(9.8) 

1100 

126 

(12,85) 

77 

(7,85) 

72 

(7,35) 

66* 

(6,75) 

1200 

94 

(9,6) 

50 

(5,1) 

45 

(4.6) 

40* 

(4,1) 

1300 

79 

(8,1) 

34 

(3,46) 

30 

(3,06) 

26* 

(2,65) 

cy ' 

1400 

68 

(6,95) 

24 

(2,45) 

20 

(2,02) 

16 

(1,63) 

CnjiaB  2 

1000 

469 

(47,8) 

387 

(39,5) 

376 

(38,35) 

361* 

(36,8) 

1100 

231  * 

(23,6) 

180* 

(18,4) 

173* 

(17.65) 

165* 

(16,8) 

1200 

130 

(13,3) 

93 

(9,5) 

88 

(9,0) 

83* 

(9,0) 

1300 

• 

N 

oo 

(8,9) 

56* 

(5.7) 

53* 

(5,4) 

48* 

(4.9) 

1400 

65 

(6,6) 

35 

(3,56) 

32 

(3,26) 

28* 

(2,85) 

Key:  (1).  Alloy.  (2).  Testing  temperature,  °C.  (3).  M N/m2 
(kg/mi2).  (4).  Alloy. 


FOOTNOTE  l.  Data  are  acquired  ty  e xtr apclat icn.  ENDFCOTNOTE. 
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Fig.  339.  Temperature  dependence  cf  stress-rupture  strength  (on  base 
1 h)  : 1 - Inconel  700;  2 - alloy  1;  3 — alley  jafit-2;  4 - alloy  2. 


Fig.  240.  Temperature  dependence  of  parameter  f , of  characteristic 

VAl 

creep  strength:  1 - Inccnel  700;  2 - alloy  1;  3 - alloy  ms-2;  4 - 


alloy  2. 
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500-  hour  stress-repture  strength  for  alloy  2 is  28  *N/mz  (2.85 

M W 

kg/mm*) , for  an  alloy  1-16  *N/i*z  (1.63  kg/itiz)  and  for  an  alloy  wm-2 
- 10  »N/mz  (1.02  kg/mmz). 


Temperature-time  dependences  of  stress-ruptrre  strength. 

Is  at  present  a series  of  expressions,  (reposed  for  describing 
the  temperature-time  dependences  of  stress-rupture  strength  [ 201, 
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piGi 


202  ].  Piocessing  numerous  experimental  data  the  stress-rupture 
strength  showed  that  none  of  the  expressions  of  temperature-time 
j dependence  is  general  purpose,  i.e.,  suitatle  for  all  materials  in 

the  unlimited  temperat ure- t ime  intervals.  Keanvhile^temperature-time 
intervals  of  the  applicability  of  the  expressions  indicated  as  a 
rule,  are  not  imparted.  From  ocr  pcint  of  view  preferable  ones  are 
the  f cllowing  expressions  of  the  temperature-tiie  dependence  of 
strength. 

1.  It  is  assumed  that  between  stress  and  service  life  there  is 
power  dependency  of  fori 

* = (6.12) 

where  t - time  to  failure; 

• - stress; 

B,  8 - constant  coefficients. 


Taking  the  logarithi  cf  (6.12)  and  designating  lg  B/fi=a0,  we 
will  obtain 
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From  the  curve/graph  of  equation  (6.13)  in  coordinates  lg  0 - lg 
T (Fig.  241)  it  follows  that  for  the  assigns  d/prescribed  temperature 
cf  value  lg  0 and  1/6=tg  a they  arc  constants  in  the  absence  of  break 
cn  the  graph  of  stress-iupture  strength. 

Eguation  (6.13),  if  are  known  to  dependence  lg  o0-ft(T)  and  ji  = 
f 2 (T) 4 it  makes  it  possible  to  extrapclate  test  results  both 
according  to  the  temperature  and  on  tine,  ard  it  represents,  thus, 
the  temperature-time  dependence  of  stress- 1 ipt ere  strength. 

Page  266. 

It  was  accepted  that  dependences  lg  «0  = fx (7)  and  P=f*  (T)  in 
general  fora  car  be  presented  as  fellows: 

lg90-a,7*+V+c,.  (6.14) 

0-0,7*+ (6.15) 
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where  T - testing  temperature; 

an,  bn,  c„  - the  constant  coef  licients  which  they  calculate  on 
the  basis  cf  test  results  at  different  temperatures. 

For  determining  the  values  aa,  b|j  J'i  , it  is  necessary  to  solve 
the  system  of  three  equations  with  three  unknowns  for  three  values  of 
temperatures  and  establisled/insta lied  frci  experiments  values  lg 
v'o;  ig  v'  ’o;  ig  • '"o- 

So,  for  a heat-resistant  alloy  Inconel  700  (46.5o/o  fi;  29.4o/o 
Coj  14.8o/o  Cr»)  [205]  you  ettained  on  the  basis  of  the  results  of  six 
experiments  by  the  conmcn/general/total  duration  of  600  h the 
following  equations: 

*8  °o  — —4,44  • 10-*n  + 46,ll  • + 88.99  • 10"».  (6.16) 

p = 60.29  • 10~«r  - 1342,2  • lO^r  + 78.254  • 10~».  (6.17) 

which,  in  combination  with  equation  (6.13)  they  made  it  possible  to 
predict  the  results  of  50  experiments  by  ccmmcn/general/total 
duration,  20  tines  larger  (o0  - hour  stress-rupture  strength).  From 
the  comparison  of  calculated  and  experimental  data  for  the  alloy  in 
question  it  follows  that  tbs  proposed  method  makes  it  possible  to 
determine  stresses  with  error  «.1Co/c,  if  testing  temperature  does 
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net  exceed  assign/prescr ifce d aore  than  cq  100-120  deg,  and  to  reduce 

i; 

the  tlae  of  testing  stress-rupture  strength  10-15  tiaes. 

One  should  eaphasixe  that  dependences  lg  «0=ft  (T)  and  p=f2(T) 

(Fig.  239  and  240)  are  strict  characteristics  of  concrete  aaterial, 
since  the  insignificant  deviation  cf  their  values  free  noainal  leads 
to  the  significant  errors  ir  the  determination  cf  stress-rupture 
strength. 


1 
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; | 

ij 

; j 


Fig.  241.  Communication/concection  between  the  carves  of 
stress-rupture  strength  at  different  temperatures. 

Page  287. 

2.  From  parametric  dependences  [201,  202  ] test  of  all  is 
experimentally  checked  dependence,  determined  ty  Larson-Willer * s 
formula 

T(C  + \gt)  = p = F(o),  (6.18) 

where  p - parameter,  not  depending  cn  temperature  at  *=const; 

1 - absolute  temperature; 


I 
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t - tine  to 

C - constant  coefficient. 

There  are  numerous  contradictory  cone lusicn/der ivat ions  about 
advantages  and  disadvantages  in  this  expression.  However,  it  is 
accepted  to  consider  [203,  204]  that  this  dependence  it  is  possible 
to  utilize  for  the  extrapolation  of  the  stress-rupture  strength  of 
■aterial  with  error  not  more  than  ^10o/c,  if  testing  temperature 
differs  from  given  one  Jess  than  b y 50  deg*  but  tine  - is  less  than 
tc  one  order.  The  given  belcw  analysis  allowed  to  refine  and  to 
soaewhat  develop  the  dependence  in  guestion  and  thereby  to  expand  the 
teaperature-tine  limits  of  its  applicability. 


Proa  eguation  (6.18)  it  fellows  that  with  #=const  also  P=const, 
therefore. 


Ty(C  + \gt,)  = T7{C  + \gt7).  (6.19) 

equation  (6.19)  is  recotnended  for  deteraining  the  coefficient  of  C. 
Thus,  Larsona-Niller's  nethed  consists  in  tfce  fact^hat  the  base 
curve  of  decoaposition  ab  (Fig.  242),  constructed  in  the  systea  of 
coordinates  lg  • - P,  with  the  aid  of  eguation  (6.18)  for  any  values 
• and  T with  known  C aakes  it  possible  to  determine  tiae  to  failure. 
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Fron  the  equation  cf  stress-rupture  strength  (6.13)  in  the 
*y»tea  of  coordinates  lg  « - lg  t (see  Fig.  2<M)  and  equation  (6.18) 
it  follows  that  each  straight  line  of  stress-rupture  strength  in  the 
systea  of  coordinates  lg  « - lg  t (Fig.  2h3a)  is  transforaed  with  the 
aid  of  equation  (6.18)  into  straight  line  it  coordinates  lg  « - P 
with  the  specific  angle  cf  the  slope  (Fig.  2U31) . 
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The  dependence  bet  keen  angles  a and  j (see  ^g,  243)  is 
deterained  as  follows: 


froa  Fig.  243a  it  fcllots 


is  • 


= tga, 


(6.20) 


froa  fig.  243 


— r (c  + iV,) -t (c  + ig o “ lg T'  (621) 


lfter  dividing  (6.20)  cn  (6.2  1),  we  Bill  ettain 


or 


~T  -tgi 
tga  — T • tgr- 


>1. 


(6.22) 


Conseguently,  the  straight  lines  of  stress-rupture  strength  in 
the  systea  of  coordinates  lg  a - lg  t with  !£1#  12,  T„  ..2,  r,<  (see 
Fig.  242a)  they  are  transferaed  also  into  straight  lines  in  the 
systea  cf  coordinates  lg  o - P (sec  Fig.  242b).  in  this  case, 
several,  according  to  equation  (6.22),  arc  chanced  the  relative 
slcpe/inclination  of  stiaight  lines  at  different  ten peratures.  In  the 


DOC  78133010 


P,GE  ^6?* 


system  c £ coordinates  lg  o - P,  each  straight  line,  as  it  follows 
frcn  eguation  (6.18),  is  shift/sheared  ty  in  parallel  to  itself  along 
axle/axis  P during  a change  in  coefficient  cf  C.  Thus,  fer  a concrete 
■aterial  at  different  tea  pe  lattices  there  are  the  specific  values  C, 
at  which  is  obtained  the  cortinuous  broken  line  (see  Fig.  242b), 
variable  curve.  In  this  case  Lerscj:-Hiller  *s  Method  is  valid, 
otherwise  is  not. 


Fcrnula  for  deternining  the  coefficient  C.  In  a series  of  the 
works,!  it  is  noted,  that  cccff iciert  C depends  substantially  both  on 
the  tenperature  and  on  tine;  hewever  are  net  given  the  foraulas, 
which  would  nake  it  possible  tc  consider  this  dependence. 


Frcn  eguation  (6.18)  it  fellows  that 

c(Tt  - r,)— r,  ig 


^Tb  . 

If  is  designated  a^-T^AT,  then  C«AT*Tt  lg.  t4^lg  ta 


- AT  lg  t2. 


whence 


cr 


C “ (l*  4 — -y~  <i)  • 


(6.23) 
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fig.  243.  Cossunication/ccnuccticn  ketueen  the  corves  of 
stress-rupture  strength  in  the  coordinates:  a)  lg  • - lg  t ; b)  lg  a - 

V. 

Page  289. 

Since  coefficient  C depends  or  temperature,  the 
accuracy/precision  cf  its  deter sinaticq  with  the  aid  of  equation 
(6:23}  is  higher,  the  lesser  the  value  AT.  Curing  processing  of  the 
obtained  by  us  results  cf  the  tests  of  the  stress-rupture  strength  of 
alleys  1 and  2 coefficient  C they  calculated  fer  10  deg. 

In  this  case  the  value  Al/T  lg  t2  conpcsed  less  than  lo/o  of 
difference  lg  t,  - lg  t2,  ohich  aade  it  ppssitle  to  present  equation 
(6^231  in  the  following  fori: 

C— JfOg/.-JgC,).  (6‘24) 

Figures  241  depicts  the  straight  lines  cf  stress- rupture 
strength  and  BB'  at  tenperatures  Tt  and  Ta  kith  the  appropriate 


7 
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angles  cf  the  slope  aa  and  a2.  with  «=ccnst  (tc  this  condition,  for 
exanple,  correspond  cuts  O'fi**  and  Aa0,a).  t<  will  obtain  following: 

ta  «.  = J_  = A’B'  _ A‘0'-B-0'  _ \g  «0J  - |C  8o? 

' (»I  Ig'l-lg'j  lgri-lg<2  lg/i-lg/;  ' 

whence 

lg<j-lg*j“P.(1S0o.-te0«)-  (6-25) 

lfter  substituting  (6.25)  in  (6.24)#?  we  will  obtain 

C = (6-26) 

where  «ot  and  «a2  - value  of  stress-mp tur c strength  with  Tt  and 
I2=TleAT  (with  t=const)  . 

Thus,  (6.26)  it  nakes  it  possible  to  cetenine  the  dependence  of 
coefficient  C only  on  tenpecature.  Equation  (6.26)  was  obtained  under 
the  assuapticg  about  the  fact  that  between  tension  and  tine  to 
failure  is  a power  deperdency.  However,  the  essence  cf  conclusion  is 
not  changed,  if  the  fora  of  dependence  will  be  another.  For  a 
conclusion  it  is  inportant  so  ttat  the  dependence  between  tension  and 
tine  tc  failure  it  would  be  possible  tc  approximate  straight  line. 

Hidest  use  together  with  exponential  obtained  exponential 
dependence.  Therefore  it  is  useful  tc  qcte  that  for  a last/latter 
dependence  eguation  (6.26)  will  tabs  the  following  fern: 

C , = p,  fa,,  — Wgt)-  (6.27) 

Froa  eguation  (6.26)  it  followe  that1  £C  with  T,=const  and 
transition  fron  one  tt  t^fflext  it  is  caused  by  the  change 
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aad,  therefore,  if  B"C\\A"A',  then  bj  difference  A *B*- A* • B ••»c* B*  (see 
fig.  241). 

fage  290. 


- 


from  the  examination  of  triangles  A^B^C  and  A,B',B',(  it  follows 

that 


CB’  = A’B’  — A'C  = A'B"  tg  a,  - A’BT  tg  a,  = 

= (lg  - >g  <2)  -g-  - Og  - ig  ^j)  (-jf  - . 


In  sunnary,  a chance  cf  ccefficiert  pf  C dtring  transition  fron 
Ta  to  T2=1j*AT  will  be  equal  tc: 

Ac— (6-28) 

where  tt  and  t2  - values  of  tine  whose  difference  is  determined  AC; 


fli  and  p2  - coefficients,  which  deternice  the  slope/inclination 
cf  direct/straight  stress-i iptcre  strength  cf  1t  and  T2. 


Iguation  (6.28)  expresses  the  tin«/tei|cra  ry  dependence  of 


cpaffjcient  C of  U=const. 
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Iron  Fig.  244,  in  wfaich  are  represented  values  C for  r= 1 h and 
r=  100  h,  follows  that  in  this  case  of  C is  changed  substantially. 

(rocessiqg  experimental  data.  There  are  at  present  diverse 
variants  of  the  representation  of  larscn-Hiller *s  dependence,  which 
are  characterized  by  the  methods  of  determining  the  coefficient  C.  In 
spite  of  the  fact  that  processing  experimental  data  by  these  methods 
leads  to  contradictory  results,  until  now,  there  is  no  unified 
opinion  about  which  of  tie  sethods  indicated  shculd  be  utilized. 
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fig.  244.  The  dependence  of  coefficient  C cn  the  tenperatere:  1 - 
alley  VH-2;  2 - alloy  1;  3 - Xyic. onel  7Q0i 

Key:  1 1)  . h. 

Cage  291. 

Iquation  (6.19),  which  lakes  it  possitle  tc  simply  determine 
coefficient  cf  C,  it  found  wide  practical  application/use.  Brought 
cut  from  (6.19)  expression  (6.26)  we  have  «sed  in  calculations,  since 
it  wakes  it  possible  to  considerably  precisely  determine  values  of  C. 
Figures  245a  depicts  test  results,  machined  in  accordance  with 
(6.26),.  As  caq  be  seen  frem  the  figure,  for  the  investigated 
high-aelting  materials  this  method  of  treating  test  data  is 
unsuitable,  since  separate  temperature  curves  are  preved  to  be 
considerably  moved  by  oye  relative  tc  another;  aethod  is  plausible 
when  turves  are  approxiaated  by  coaacn  broken  line. 
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tig.  245.  Hesults  of  prccessiog  experimental  data  with  the  aid  of  the 
diverse  variants  of  larscn— Mi  1 ler  's  dependence:  a)  F=1.8  T (c  + lg  r)  ; 
t)  the  same,  another  version;  c)  P=1.8  1 (Mlg  r) . 

Key:  XI).  alloy.  (2).  M V/a2  (kg/mm2 ) • 
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The  essential  shift/shears  of  separate  curves  for  high-nelting 
alloys  are  caused  by  a considerable  change  in  coefficient  of  C with  a 
change  in  the  teeperature  (see  Fig.  244). 

figures  245b  depicts  tie  results  of  the  save  tests,  sachined 
under  condition  Occnst. 


It  is  necessary  to  sake  the  following  observation.  Ltrson  and 
Hiller  considered  that  kith  o=const  in  the  systen  of  coordinates  1/T 
- lg  t dependence  f(*)  = T(C*lg  t)  is  expressed  kj  straight  line  [201]. 
If  according  to  the  results  of  the  tests,  carried  out  at  different 
tensions  and  temperatures,  is  constructed  for  each  stress  level  the 
appropriate  curve/graphs,  tten  the  attained  faaily  of  lines  is 

freguently  pencil  of  straight  lines,  that  intersect  in  one  point, 

* 

arrange/located  oni  axle/axis  lg  t kith  erdirate  C=-lg  t (Fig.  246a). 
Eased  cn  this,  Larson  and  Hiller  assumed  that  Occnst  (~C=20). 

However,  the  predicted  straight  lines  can  prove  to  be  curves 
(fig.  246b)  and  then  the  deterainaticn  of  ccefficient  according  to 

u 

the  procedure,  proposed  in  [2C1],  it  beccmcs  meaningless.  At  the  sane 
tine  on  the  basis  of  the  vast  analysis  cf  eapirical  data  the  author 
cf  work  [206]  confirns  that  for  the  increase  of  the  reliability  of 
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the  results  of  calculation  one  should  utilize  precisely  this  method 
of  determing  C.  From  Figure  245b  it  follows  that  the  latter  metho* 

■cze  plausible  than  Betted  presented  previously  (see  Fig.  245a),  and 

in  this  case  for  high-aeltirg  saterials  *ith  tfce  expansion  of  the 
tenpeEature  interval  of  tests  is  observed  a regular  increase  in  the 
nutual  shift/shear  of  separate  teaferature  carves. 
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Fig.  246.  To  the  procedure  cf  the  deter aina tic r of  coefficient  C. 
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Derivation  of  fornula  (6.18).  In  work  £204  ] on  the  basis  of 
aaalysis  £207]  is  expressed  the  asserticn  atcct  the  fact  that 
coefficient  C must  be  determined  net  free  fcraula  £6. 19) , but  with 


the  aid  of  the  following  eapressicr: 

r,  (C,  + ig  t,) =r2(Ct+ ig  t2). 


(6.29) 


However,  without  the  acceptance  of  additional  conditions 
eguaticn  (6.29)  cannot  be  utilized  for  detereining  of  C,  since  in  it 
there  are  two  unknowns.  Let  us  determine  additional  condition  as 
fellows.  For  the  e xcept ic n/eliaination  cf  tie  error,  caused  by  the 
dependence  of  coefficient  C on  tine,  let  us  suppose  that  t2=const. 
Ifaen  eguation  (6.29)  will  take  the  following  fora: 

7',(Cl  + lg<,)=7'1CJ. 

T , cr+  Tx  Ig  /,  = (f,  + 6T) . G, - 7'A  + *T  • C, . (6.30) 
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After  the  conversions  cf  equation  (6.30)  we  obtain: 


C,  — C2  •=  Ct  — lg  t. 


(6.31) 


Ibe  right  side  of  equation  (6.31)  is  equal  to  zero  with  Ct=C2=C. 
In  this  case  values  C are  determined  frea  equations  (6.26).  However, 
as  it  was  shown  above,  this  dees  net  aake  it  possible  to  obtain 
continuous  parametric  errve  during  passage  irci  the  system  of 
coordinates  lg  o - lg  t to  the  system  of  coordinates  lg  » - P (see 
Fig.  245a).  But  if  is  accepted  CfC2  [ i.e*  is  recognized  the  validity 
cf  equations  (6.29)  and  (6.31)  ],  then  the  line  segments  can  be 
combined. 


However,  the  sense  cf  values  C,  determined  from  equations  (6.19) 
and  (6.29) , is  completely  varicus.  In  ccnnccticn  with  this  let  us 
introduce  the  new  designation  K for  the  coefficients,  determined  from 
equation  (6.29)  . 


bet  us  substitute  into  eguaticn  (6.31)  value  of  lg  t,  - lg  t2 
frem  equation  (6.24)  let  cs  accept  t2*1,  and  consequently,  lg  t2=0. 
After  assuning  /(i=maz  {C„}  [therefore  cf  many  values  Ct  and  C2  which 
can  satisfy  equations  (6.29)  and  (6.30),  we  is  selected  the  only  pair 
which  characterizes  the  properties  cf  this  latctial],  we  will  obtain: 

~ — r-C„ 
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whence 


If 


1 + 


(6.32) 


TCi — max{C«);  Cn — the  coefficient,  determined  from  equation 

i<6.26^  . 
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As  a result  of  the  analysis  conducted  is  proposed  the  following 
method  of  the  construction  of  tfce  tase  curie  of  deconposition. 

If  is  valid  dependence  (i.12),  is  selected  the  systea  of 
epordinates  lg  # - P.  Paranetei  P is  dcteninca  from  the  following 
equation: 

*.-r.<IC.-+lgO.  (6-33) 


ia  this  case  K«_  they  deteriine  frea  equation  (6.32);  the  values  AT 
during  ccaputation  K and  C one  should  select  identical  net  aore  than 
10  deq. 


Test  results,  machined  according  >tc  recently  the  exaained 
method,  are  represented  in  Eig.  245c.  from  thi*  figure  it  follows 


— - 


n 
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that  the  proposed  method  is  valid  in  temperature  (500  deg)  and 
time/temporar y (4-5  orders)  intervals  accepted.  It  is  turned  out  that 
there  is  a ccmmon/gener al/tctal  lav  governing  a change  in  coefficient 
cf  K fer  different  materials.  Scr  in  identical  temperature  intervals 
(400  deg)  for  an  alloy  1 coefficient  K varied  frem  18.8  to  17.36;  for 
alley  2 - from  19.9  to  17.9;  for  tie  alloy  X»c© nel  700  - from  26.0 
to  24*5.  The  decrease  of  coefficient  of  K fer  all  alloys  is 
insignificant,  what  is  ceccssary  ccqtiqsity  rendition  of  parametric 
curve* 

In  conclusion  it  is  necessary  tc  make  the  following  observation. 

During  the  evaluation  cf  cnc  or  the  ether  aethed  of  processing 
experimental  data,  rarely  divide  errors  im  the  method  and  error, 
caused  by  the  scatter  strictly  cf  experimental  data.  Deficiencies  in 
this  estimation  can  lead  tc  the  unjustified  disputes,  since  the  first 
errors  bear  systematic,  and  the  second  - an  accidental  character.  So, 

Fig.  242  illustrates  the  utilisation  of  dependence  (6.18)  for 
processing  of  the  experimental  data,  which  do  not  have  scatter.  At 
the  sdme  time  the  calculated  parametric  carte  at  does  not  correspond 
tc  thd  experimental  points  cf  broken  line. 


Thus,  cd-MP  characterises  errers  in  the  method. 


The  carried  out  by  us  analysis  (errors,  caused  by  the  scatter  of 
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epperiaental  data,  are  excluded)  it  Bade  it  possible  to  show  that  for 
the  continuity  of  paraaetcic  the  curved  coefficient  C Bust  be 
cpnstint,  tut  be  decreased  ty  1.5-2  in  sufficiently  vide  tenperature 
interval.  This  underscores  the  eapiricisa  ct  the  act  bod  in  question, 
since  coefficient  C,  determined  frea  equation  (6.19),  can  be 
decreased  in  this  saae  tenperature  interval  by  15  and  aore,  and  in 
that  case  the  extrapolation  of  experiaental  data  is  inpossible. 


In  works  [204,  208]  it  is  confiraed  that  coefficient  C is  the 
characteristic  of  the  beat-iesista rt  properties  of  naterial,  and  are 
■ade  the  attenpts  to  find  its  dependence  on  tte  ccapcsition  of 
■eltiag,  conditions  of  tfce  strain  cf  blank,  its  heat  treataent,  etc. 

lage  295. 

Iron  obtained  by  us  foraula  (6.26)  it  fellows  that  coefficient  C 
is  deterained  by  the  predict  of  the  values  cf  three  functions: 

lg a0  = /,(r);  P = /,(7'):  ^ = /»(H 

The  first  function  characterises  an  inciderce/drop  in  the 
stress-rupture  strength  with  at  increase  it  the  tenperature  for 
t=ccnst,  and  the  second  - creep  strength.  Tc  search  for 
cc vauaication/connecticn  cf  the  noted  properties  of  aaterials  with 
coefficient  of  C,  but  net  with  functions  f((T)  = lg  «,  and  p=f2(T)  - 
that  aeans  to  disregard  the  fact  that  three  functions  indicated  are 
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independent,  but  this  as  it  shoved  analysis,  it  is  inadaissibly. 

It  should  also  be  noted  that  the  extrapolation  on  fareula  (6.18) 
is  less  reliable,  than  cn  fcrmula  (6.12),  dee  tc  the  existence  of  the 
octed  above  errors  in  the  aetbed.  When  selecting  of  one  of  thea  for 
processing  of  experimental  data,  it  is  necessary  to  consider 
folloaing. 

Is  already  mentioned,  larscn  and  Biller  assumed  that  coefficient 
C unessentially  depends  cn  tea [era t ore , in  consequence  of  which  it 
is  possible  to  consider  a constant  value*  Ibis  assumption  was 
ccnfixaed  for  some  heat-resistant  aaterials;  hewever,  it  was 
disprfved  as  a result  of  further  aoalyses  cf  the  high-melting 
aaterials  (see  Fig.  244).  It  render/showed,,  fer  them  coefficient  C 
cap  depend  substantially  cn  temperature,  ape  ic  this  case 
Larsca-Miller*s  method  is  inapplicable.  Data  processing  on 
stress-rupture  strength  for  an  alley  Iqconel  7CC  and  three 
high-aelting  alloys  on  the  basis  of  niobium  with  the  aid  of  formula 
(6^261  showed  that  essential  differences  the  dependence  cf 
coefficient  C on  the  temperature  (see  Fig.  244)  they  are  explained  by 
different  character  of  a change  in  functions  lc  «0-f  (T)  for  these 
alloys  (see  Fig.  239)  . 
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Chapter  7. 

STRENGTH  AND  PLASTICITY  UNDER  CONDITIONS  OF  CYCLIC  VARIATION  IN 
STRESS  AND  TEMPERATURE. 

Operating  conditions  of  the  elements  of  cc nstruct ion/designs 
frea  refractory  metals  in  a series  cf  cases  are  characterized  by  the 
cyclic  recurrence  of  a change  in  temperature  and  value  of  mechanical 
stresses.  It  is  completely  cbvicus  that  without  the  detailed 
investigation  of  the  properties  of  refractory  metals  under  these 
conditions  their  utilizaticn  fer  manufacturing  the  elements  of 
const  ruction/designs  will  net  be  sebstantiated. 


The  mest  typical  ccnditions/mcdes  of  the  thermal  and  mechanical 
loadings  of  a series  of  ccrstiucticn/desigrs  arc  following: 

1.  Mechanical  load  is  constant,  and  teiperature  cyclically  is 
changad.  This  condi tions/»oce  let  ms  call  the  ccndit ions/mode  of 
therm<pcyclic  creep  (Fig.  247a). 


2.  Temperature  remains  constant,  and  cyclically  is  changed  value 
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cf  mechanical  stresses,  ccq ditions/aode  of  lcw-cycle  isothermal 
fatigue  (Fig.  247b)  . 

J.  Cyclically  are  changed  teaperature  and  stresses, 
eaergdnce  and  change  in  stresses  aie  explained  ty  change 
teapeiature. 

ire  aost  characteristic  two  versions  cf  last/latter 
conditions/ node. 

The  first  version  corresponds  tc  that  case  when  the 
ccnstructicn/design  is  rigidly  hooked  and  heating  causes 
ccapression  stresses,  and  ceding  - tensile  stress. 

The  secoqd  version  ccccrs  during  heating  cf  laminated 
cylindrical  shells.  If  the  thernal-cxpansicc  coefficient  of  filler 
acre  the  thermal  expansion  coefficient  cf  shell  of  refractory  metal, 
during  heating  in  shell  will  appear  thermal  tensile  stresses,  and 
during  cooling  (Fig.  247c)  cf  compression* 

Together  with  the  enumerated  cc ndi tio r s/medes  of  cyclic  loading 
and  heating  the  eleaents  cf  cc nstr uctic n/desig ns  of  the  refractory 
metals,  by  which  the  freguency  cf  a change  in  the  stresses  is  small 
(less  than  1 Hz),  many  cf  then  are  subjected  tc  the  siaulfeaneous 


moreover 

in 


eleaent  of 
in  it 
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effect  of  the  mechanical  loads  of  high  frequency  (ten  and  hundred 
hertzes),  caused  by  the  forces  cf  inertia  of  the  oscillating 
ce ll/elements.  In  connection  with  this  appears  the  need  for  the 
investigation  of  the  strength  cf  refractory  aetals  at  the  high 
frequencies  cf  loading,  i.e.,  eechaqical  fatigue. 

for  sclving  the  prcfcleas  indicated  in  the  Institute  of  the 
problems  of  the  strength  of  AS  UkSSB,  were  developed  the 
ccnstr ucticn/de signs  of  installations  and  procedure,  making  it 
possible  to  conduct  the  tests  of  refractory  metals  during  cyclic 
variation  in  the  load  and  tenpc rat  ere,  and  are  also  carried  out  works 
cn  the  study  of  the  basic  laws  governing  detonation  and 
decomposition  of  a series  of  refractcry  metals  and  alloys  during  the 
eruaerated  above  condit ic ns/modes  cf  tests. 
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Fig.  247.  Conditio gs/aodes  cf  tests  during  cyclic  variation  in 
teaperature  and  load:  a)  thcraccycHc  stress- r.ujture  strength 
(ccnd^tions/mode  A);  b)  isctheinal  low-cycle  fatigue  (conditions/aode 
B)  ; cl  nen isctheraal  Ice-cycle  fatigue  (coqditicns/acde  C) . 
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Installations  for  the  investigation  of  strength  under  conditions  of 
cyclic  variation  in  the  lcac  and  teaperatuie. 

Installation  for  the  invest igaticn  cf  theraccyclic  stress- rupture 
strength. 

figures  247a  depicts  the  diagraa  of  a change  in  the  load  and 
teaperature,  which  is  realized  in  the  installation,  intended  for  the 
investigation  of  the  effect  of  cyclic  variations  in  the  teaperature 
to  strength  and  plasticity  cf  refractory  aetals  and  alloys. 

Is  can  be  seen  f ro t the  given  diagraa,  which  stretch  the 
stresses,  which  act  in  specioen/sa sple , they  retain 
ccnstant/invariable  in  the  process  of  entire  testing,  at  the  sane 
tine  (he  teaperature  of  speciaen/sa sple  periodically  varies  froa 
Tm n to  Tm The  tine  cf  holding  of  speciten/saaple  at  these 
teaperatures,  and  also  the  rate  cf  heating  and  ceding  they  can  be 
changid  over  wide  linits. 


The  block  diagraa  cf  the  installation,  in  which  are  nanufactured 


T 
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the  tests  under  the  conditicns  indicated,  is  represented  in  Fig.  248 
[119,  p.  343]. 

The  installation  consists  of  five  basic  tuilding  blocks: 

1 - vacuum  chamber  with  the  test  specimens,  placed  in  the 
special  loading  device;  2 - system  of  creaticn  and  measurement  of 
vacuum,  that  includes  fcrevacuum  and  diffusion  pumps,  and  also  vacuum 
gauge;  3 - system  of  the  automatic  drive;  4 - tlcck  of  heating,  which 
consists  of  power  and  regulating  tx ansfcrmcis;  5 - system  of  ccntrol, 
check  and  recording  of  temperature,  in  whicb  enter  ccmnand 
electrcpneumatic  apparatus  KEP- 120 , electrcric  potentiometer  EPP-0.9, 
the  optical  pyrometer  OIFIK-09. 

The  ccnstruction/design  of  the  basic  assemblies  of  vacuum 
chamber  is  schematically  shewn  cn  Eig.  249. 


The  pumping  out  of  the  camera/chamber  is  r ealize/accomplished 
with  the  aid  of  fore  puips  VN-2HG  and  diffcsict  cil-vapor  pump 
N-5S-II. 


Specimen/samples  ate  placed  into 
special  loading  device  thich  is  shewn 
disk  7,  to  which  are  fastened  leading 


tbe  earner a/chawber  in  the 
on  Vig.  249.  It  consists  of 
levels  with  10  and  14  with 
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extenders  12  and  grips  11  fcr  speciaen/saaples  6.  loading  lever  10  is 
rigidly  connected  with  disk  7,  while  lever  It  can  be  rotated  relative 
to  axle/axis  15.  The  ap [lie aticn/use  of  cylindrical  and  ball 

couplings  in  power  circuit  completely  eliairates  slants  in  the 
pxocess  of  tests. 


Fig.  249.  Construe tion/ design  of  vacuun  chanter  and  loading  device  of 
installation  for  theraocyclic  tests:  1 - correct  conductors;  2 - 
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beater;  3 - vacuui  chanter;  4 - shaft;  5 - lictcscope  NG;  6 - 
inspection  window;  7 - disk;  8 - spcciaen/saaple;  9 - sleeve;  10,  14 
- loading  levers;  11  - capttre;  12  - extender;  13  - spring;  15  - 
aple/axis. 

Eage  101. 

All  parts  of  the  loading  sechaniss  are  nade  made  of  the 
heat-resistant  stainless  steel,  and  extenders  12  and  grips  11  - fron 
■olybdenua. 

the  loading  of  specinen/sanple  is  rea 1 ize/ accoa plished  with  the 
aid  of  interchangeable  ceiled  springs  by  13,  which  are  placed  into 
special  water-cooled  beaker/sleeves  by  S. 

The  characteristics  of  springs  are  selected  in  such  a way  that 
the  change  in  their  size/diaensions , caused  by  the  elongation  of 
speciaen/saaples  in  the  process  of  tests,  prove  to  bes  itself  auch 
lesser  than  that  strain,  that  provides  the  assigned/prescribed  stress 
level j therefore  the  change  in  the  extergal  load,  connected  with  the 

1 

elongation  of  speciaen/saip le,  dees  not  exceed  3-4o/c. 

In  the  asseably  of  installation,  :is  provided  for  the  batch  of 
iaterohangeable  springs,  which  aakes  it  possible  with  identical 

(' 
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accuracy/precision  to  assign  load  cn  sp eci ■ en/s ample  in  a wide 
interval  of  its  values.  In  the  process  c£  operating  (prior  to  each 
testing  and  after  its  ccapleticc)  the  spring,  they  calibrate  on 
special  attachment.  On  the  basis  of  the  date  cf  calibrating,  are 
constructed  the  gr aph/diagrans  of  the  dependence  of  the 
ef fort/f crces*  created  by  springs,  on  their  preliminary  strain,  on 
which  is  manufactured  the  selection  of  the  spcings,  necessary  for  one 
cx  the  ether  testing. 

The  application/use  of  the  examined  method  cf  leading  makes  it 
possible  to  avoid  the  etzers,  caused  by  pressure  difference  in  the 
camera/chamber  and  out  cf  it,  which  can  occcr  dcring  the  room  of  the 
leading  cell/element  out  of  the  ca aera/cha tier , and  create  the 
sufficiently  compact  multipcsiticn  loading  device.  In  our 
installation  with  the  aid  of  this  device,  arc  conducted  the  tests  of 
simultaneously  of  three  s pecimen/saiples. 

The  loading  mechanism  is  fastened  to  special  shaft  4 (see  Pig. 

249)  . 


Heating  specimen/samples  is  re alize/acccnplished  with  the  aid  of 


heater  2 (see  Pig.  249)  frem  the  refractory  metal,  which  is  tungsten, 
molybdenum  or  tantalum  plate  0 . 5—  1 as  in  thickness. 


1 

I 
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With  the  aid  o£  water-cccled  coppec  current  conductors  1 (see 
Fig.  209)  to  heater  is  supplied  the  current  frci  power  transforaer 
CSU-40;  the  voltage  in  the  windings  cf  tracsfcraer  is  regelated  with 
the  aid  of  the  regulatoi  EG1  25/0. 5. 

the  ainiaun  distance  between  the  upper  and  lower  part  of  the 
heater  where  is  placed  spec iaer/saa pie,  liait  the  si ze/d iaensions  of 
extenders  12  and  grips  11  (see  Fig*  249),  which  during  the  rotation 
cf  shaft  pass  through  the  heater.  Sinca  this  distance  sufficiently 
greatly  (—20  am),  the  teapeiatures  cf  heater  and  speciaen/sanple  will 
he  distinguished,  that  it  is  necessary  to  ccnsider. 

The  temperature  of  spcciaen/saaple  is  aeasrred  with  the  aid  of 
platiaua-platinua-rhodica  or  t licgstcn-rheni  ua  thermocouple,  connected 
directly  tc  the  working  part  of  the  speciacn/sa aple  and  by  that 
trought  out  Bade  of  vacuua  chaaber  through  the  running  shaft  with  the 
aid  of  the  slip  ring  whcse  drawing  is  showt  c r Fig.  250. 

Cage  302. 

Theraocouple  1 is  passed  through  the  plug/silencer  froa  vacuua 
robber  7 and  is  connected  tc  slip  rings  by  S,  which  are 
isolate/ insulated  froa  each  ether.  Cap/covcr  8 is  pressed  against 
base  6 by  screw/propellers  3. 
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■ ase  is  placed  on  special  nut  5,  that  is  installed  to  shaft  4, 
ca  which  is  rigidly  attached  tie  leading  aechanisa  with 
specimen/samples. 

Prca  the  ball  races  9 cf  readings  cf  thermocouple  1,  they  are 
remove/taken  with  the  aid  cf  sliding  occtacts  2 and  are  supplied  to 
an  electronic  potenticaetei  of  the  type  BPE-C9. 

In  the  process  of  investigaticn  the  tesperature  of  heater  in 
parallel  is  controlled  with  the  aid  cf  the  cptical  pyrometer  and  on 
stress  cn  heater,  which  gives,  taking  into  account  the  results  of  the 
carried  out  calibrating,  additional  information  about  the  temperature 
ccnditicns  of  specimen/saiple. 

The  length  of  specinen/sanples  in  the  process  of  testing  is 
■ensured  with  the  aid  of  licrcscope  5 (see  fig.  249)  type  MG  with  the 
scale  value  cf  micrcmeter  gauge  0.CQ2  kb. 

Application/use  of  a lcng-distance  objective  makes  it  possible 
tc  manufacture  the  meascrements  of  the  strain  of  specimen/sample, 

which  is  found  directly  iq  vacuum  chamber,  thremgh  inspection  window 
6 (see  Fig.  249). 
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During  the  rotation  c£  shaft  4 ( see  Pi$.  249)  speciwen/saiple  is 
periodically  noved  fro*  heater  ty  2 to  the  lice  position  (where  it  is 
ceded  because  of  the  heat  iewowal  intc  captures),  also,  to  the 
window  of  vacuun  chamber  6,  afccut  which  is  estafclish/installed 
■icrosccpe  5. 


Fig.  250.  Construction/^ csicn  of  slip  ring. 

Fage  203. 

This  displacement/icvement  of  speciaSn/sample  makes  it  possible 
to  completely  reproduce  the  diagrai  of  a change  in  the  temperature  in 
accordance  with  Fig.  247a,  moreover  the  temperature  cf  heater  remains 
ccnstant/invariable,  which  contributes  to  ac  increase  in  the  period 
cf  its  service. 

The  schematic  of  program  unit,  which  periodically  turns  shaft 
from  pne  position  to  another  (heating,  cooling,  measurement),  is 
given  tc  Fig.  251. 

Bevice  consists  of  electric  motor  1 and  wcrm  reducer  2, 
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connected  fcy  textrope  tiansiissi.cn  11;  3 types  electromagnetic 
ccaplings  EM-32;  pair  of  bevel-gear  wheels  5,  c|c  of  which  it  is 
■ounted  to  shaft  4 (see  also  Fig.  249) ; soleqcid  10;  program  disk  6 
with  hcles  for  the  rod  cf  adenoid;  7 types  command  apparatus  KEP-120 
with  the  periodicity  of  the  ccnnec ticn/inclisic * of  contacts  from  3 
■iq  tc  18  h;  auxiliary  device  6,  which  consists  of  resistances, 
capacities  and  relay  MKC-48;  final  aicicswitch  9. 


t 


I 


The  operating  cycle  cf  program  unit  is  rea  lize/accomplished  in 
this  seguence.  One  of  the  s peci men/sam p les , which  is  located  in 
heater,  is  age/held  there  fcr  a period  cf  time,  assign/pre  scribed  by 
the  command  apparatus  KEF- 120.  After  this  time  is  closed  by  one  of 
the  pairs  cf  the  contacts  of  command  apparatus  and  is  supplied 
electric  pulse  on  sclencid  coil  10.  Is  draws  in  the  core  pf  the 
sclengid  which  free/releases  program  disk  and  presses  on  the 
kncb/button  of  final  micrcswitch  9,  including  e lectr cmagnetic 
coupling  3. 

in  this  case  with  the  constantly  connected  electric  motor 
through  the  conical  pair,  is  given  in  rctaticn  shaft  4 with  the 
loading  mechanism  and  speci men/sam pies.  With  the  aid  of  auxiliary 
device  8,  time  of  the  ccnqecticn/irclusioa  cf  sclenoid  is  selected  so 
as  to  ensure  the  displacement  cf  program  disk  in  circumference 
relative  to  the  rod  of  sclencid  cn  20-25  am. 


i 


After  the  disconnection  cf  solenoid  coil,  its  rod  under  the 
action/effect  of  return  spring  is  pressed  against  disk  and  slips  over 
its  suface,  thus  far  it  does  not  fall  into  the  following  hole  on 
program  disk,  which  coriesicnds  to  the  dis p lace  sent/ wove  me nt  of 
sf ecimen/sample  to  the  position  of  coding.  In  this  case, 
vear/gperates  final  micioswitch  9,  which  disccnnect/turns  off 
electromagnetic  coupling  3. 

)n  certain  time,  given  by  comnand  apparatus,  again  is  included 
the  sglenoid  and  is  repeated  tte  cycle  cf  tie  uerk  of  program  unit  in 
seguence  described  above. 
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Installation  for  the  investigation  of  low-cycle  fatigue. 


The  program  of  a clancc  in  tfce  temperature  and  load,  which  it 
was  possible  to  realize  in  the  process  of  tests  during  experimental 
installation  for  the  investigation  of  lcw-cjcle  fatigue,  was  shown  on 
Fig.  247b,  c.  Figure  247c  change  ir  the  teiperature  and  load  depicts 
in  the  form  of  the  most  cc m mcn/gene ral/ tota 1 trapezoidal  cycle  which 
can  be  transformed  into  triangular  cycle  during  tests  without  holding 
at  the  extreme  levels  or  in  cycle  with  holding  crly  on  one  of  the 
levels  of  load  and  temperature,  etc. 


load  change  in  the  process  of  tests  provides  the  schematic  of 
leading,  shown  on  Fig.  292. 


To  specimen/sample  1,  is  applied  the  preliminary  tension  from 
spring  2 during  the  displacecer t/ ■ c veie nt  cf  helical  supports  3. 
Alternating  effort/force  in  specim eq/s ample  appears  during  imposition 
cn  the  constant  tension,  determined  ky  sprieg  sag,  tfce 
alternating/variable  compressive  force  P,  created  by  the  hydraulic 
machine  of  one-sided  actioq/ef feet  Changing  spring  sag  and 

the  value  cf  the  amplitude  cf  tfce  alter  cat ing/v aiiable  force,  created 
ky  hydraulic  machine,  it  is  possible  to  obtain  the  required  cycle  of 
loading. 


"!  ~ ~ ’ 


...  ..  ..... 


: ' ' ' •'  ' ' ' 


DOC  * 78133010 


EIGE 


u in 


'At/M/SSS 

4 \ 

/> 


fi<J-  252-  Schematic  of  loading  during  -te$t$  for  low-cycle  fatigue. 

fage  305- 

Ihe  ccnstruction/design  of  installation  for  the  investigation  of 
low-cycle  fatigue  UTOV- 1 [119,  p.  222;  215,  216]  provides* 

1)  test  work  via  the  leading  cf  speciaen/sanples  by  the 
alternating  effort/force  cf  lew  fceguency  with  the  safeguard  for 
holding  of  the  varied  duration  beth  cn  the  effctt/force  and  according 
to  tenperature  at  extreae  levels; 

2)  the  reliable  work  cf  installation  according  to  predetermined 
pragma  with  the  synchrcniaaticn  of  leading  and  heating 
spcciaen/saaple ; 


3)  test  work  in  vacuun  to  13.33  MK/a*  |10"«  ta  flg)  for 
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preventing  the  oxidatiop  cf  speciae n/sa iples ; 

4)  the  high  rates  cf  heating  tc  2000°C  via  the  direct/straight 
transaission  of  the  curxent  thrcugl  the  speciier/saaple; 

5)  the  continuous  recording  of  strain  and  effort/force  in 
s peciien/sanple. 

The  general  view  of  installation  0TU¥-1  is  shown  on  Fig.  253, 
block  diagram  - on  Fig.  254. 

Installation  consists  cf  following  systems  and  the  blocks  (see 
Fig.  254): 

1 - experimental  hydraulic  aachine  44JMMO,  in  which  is 
establish/installed  vactua  chanter  with  speciacn/sample  and  nechanisa 
cf  preliminary  loading;  2 - blcck  cf  beatiEg;  3 - unit  of  automatic 
central;  4 - recording  rnit  of  strain  and  ef fort/force;  5 - system  of 
creaticn  and  aeasureaent  cf  vacuun. 

Universal  testing  aachine  UHfl-10,  intended  for  static  tests  for 
elengatien,  compression  and  bend,  consists  cf  strictly  testing 
aachine  at*d  the  control  panel,  which  includes  fcrce  gauge,  the 

puapiag  station,  which  creates  working  ef fert/f crce,  mad  the  control 
systea,  with  the  aid  of  which  ace  assigned  the  cates  of  loading  and 

unloading,  and  also  the  levels  cf  ccnstant  seeking  leads  {see  Pig. 

253)  . 


I,  ft 
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Fig.  253.  The  general  view  cf  installation  1T0V-1. 


Cage  306. 

lith  the  aid  of  this  machine  to  specioen/s ample,  can  te  applied 
cnly  tension.  In  our  tests  it  was  recessary  tc  ensure  cyclic 
elongation  - the  compression  cf  s pecimen/saaple.  This  was  reached  by 
introduction  to  the  kinematic  chair  of  elastic  cell/element  - spring 

tacuum  chamber  with  the  assembly  cf  tfce  preliminary  loading  cf 
specimen/s ample  (Fig.  255)  is  esta t lish/ins ta  1 le d on  machine  instead 
cf  its  lower  capture  with  tie  aid  cf  actuating  screw  11. 


Speci men/sample  1 is  fastened  in  clamp  grips  5 and  6.  Upper 
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fixed  grip  5 is  connected  by  welding  with  tie  cap/cover  cf  vacuum 
chamber  2,  and  lower  movable  grip  € is  derived  frem  the 
cameri/chamber  through  the  vacuum  seal.  Tc  tbe  acvable  water-cooled 
capture  out  of  the  camera/chamber,  rigidly  is  fastened  the  traverse 
cf  measuring  brackets  1C,  spring  8 and  ilexiblc  current-conducting 
bmsbar  9. 


Ihe  water-cooled  cap/ccvet  of  camera/cbamter  2 is  fastened  with 
bolts  to  the  flange  of  chamber  casing  7,  and  tbe  place  of  the  joint 
between  cap/cover  and  heusirg  is  packed  by  tbe  ring  from  vacuum 
rubber,  the  value  cf  compression  of  which  is  determined  by  the 
initial  clearance  between  the  fiances  cf  hcising  and  cap/cover.  The 
cap/cgver  cf  the  c amera/chaaber  and  captures  are  isolate/insulated 
frem  housing  by  textolite  packing  agd  rings  in  order  to  avoid  the 
closing/shorting  of  the  current-car ryi eg  parts  tc  mass  during  heating 
cf  specimen/sample  by  the  direct  transmission  of  current. 


1c  upper  capture  the  current  is  fed  out  cf  the  camera/chamber 
with  tbe  aid  of  copper  flexible  bushar/tire  <t,  which  is  fastened  with 
ccpper  nut  3. 


Tig.  254.  Block  diagram  cf  installation  OTSV-1. 


Cage  J07. 

The  water-cooled  chamber  casing  7 ty  electric  welding  is 
connected  with  base  plate  19,  with  the  aid  cf  which  the 
canerd/chanber  is  establish/installed  cn  ccluirs  13,  rigidly 
connected  with  actuating  screw  11  ty  means  cf  plate/slab  12. 

Preliminary  spring  sag  is  assigned  by  the  displacement/movement 
cf  helical  supports  17.  Spring  is  carried  cut  it  the  form  uniform 
resistance  beam,  at  its  ends  there  are  spherical  bearings  15,  which 
aiscrh  the  displacement/ me veuent  of  helical  supports.  The  brackets  18 
of  helical  support  have  the  capability  to  acccsplish  rotation 
relative  to  columns  13  during  the  installaticn  of  spring. 


Ill 
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Spring  sag  is  record/fixed  frt*  readings  c£  dial  indicators  16 
kitb  scale  value  0.C1  n. 


Jn  the  plate/slab  19  of  chaaber  there  ere  area/sites  of  24  saall 
rigidities  for  glueing  tie  strain  cauges  pf  ef f ert/f crce.  The  strain 
cf  speciae n/sanple  is  aeascred  ty  the  extenscaeter,  structurally 
carried  out  in  the  fora  cf  pliable  brackets  14,  which  are  fastened  to 
crosshead  with  10  and  tc  holders  2C. 


fig-  255.  Construction/ design  cf  vacuus  chaaber  0T0f-1  with  the 
asseably  of  the  loading  cf  specinec/satple. 


Traverse  is  rigidly  connected  with  the  aoveile  crip  of 
specinen/saaple,  and  hclders  are  fi*/recorded  tj  bolts  relative  to 
plate/slab  19,  which  is  ricidly  connected  with  upper  grip  5.  This 
takes  it  possible  to  deteriine  with  the  aic  cf  Irackets  the  ancunt  of 
the  strain  of  speciaen/satp le  with  its  cyclic  leading. 
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iith  the  aid  of  beaker/sleeves  21  and  23  in  the  earner a/chaaber, 
is  establish/installed  (dished  aluminum  shield  by  22,  vbich  prevents 
the  superheating  of  the  vails  cf  chaiber  casing  and  it  contributes  to 
the  decrease  of  heat  losses  during  heating  cf  s pcciaen/saaple. 


The  ccnstruction/design  of  fastening  sclid  speciaen/saaple  is 
shewn  cn  Fig.  256.  Speci aen/sa ip le  1 is  fastened  to  connecting  rod  7 
with  the  aid  of  cut  clamp  insert  4 (ccricity  12  deg.),  ring  2,  slide 
blccks  3,  cover  and  which  fixes  nuts  5 and  6.  Clamp  inserts  enter  in 
conical  bore  holes  of  reds  with  the  tightening  cf  adapter  nut  5 and 
they  tightly  press  the  stem  cf  speciren/saiple.  They  serve  for 
centering  the  specimen/saaple  relative  to  red  and  the  protection  of 
electrical  contact  between  the  rod  and  the  spccimen/sample  during 
heating  of  the  latter  by  the  direct/straight  transmission  of  electric 
current. 

Jn  fastenings,  are  drilled  the  air  escapes  from  closed  volumes 
with  the  pumping  out  of  the  caiera/chaiber . 

In  chaaber  wall,  there  is  inspection  windew  for  observation  and 
■easuring  the  temperature  of  speci sen/saap le  in  the  process  of  tests, 
and  also  there  are  holes  for  the  input/intrcduction  cf  thermocouples 
and  vacuum  gauge  lamps. 
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Speci nen/samp le  is  heated  by  the  direct/straight  transiission  of 
the  current,  applied  tc  captures  with  the  aid  cf  the  flexible 
busbar/tires,  collected  frci  the  copper  foil  0.1  ■■  in  thickness.  The 
sectipn/cut  of  busbar/tires,  contact  anea  ir  the  places  of  their 
fastening  and  the  secticn/cut  cf  the  current  distributing 
cell/elements  of  captures  is  selected  froa  the  calculation  of  the 
optimum  specific  current  density,  which  eliainates  the  heating  of  the 
current  distributing  parts.  For  preventing  heating  captures,  is 
provided  for  their  cooling  hy  water. 


The  system  of  heating  (Fig.  257)  includes  power  step>-dovn 
transformer  Trl  (OSU-40),  voltage  regulators  BHt  (ENC- 10-250)  and  RNZ 
(E NO— 5-250) , and  also  voltage  regulator  (S-5C0C).  In  the  process  of 
tests,  heating  system  mcst  provide  a change  in  the  temperature  of 
specimen/sample  at  three  stages  cf  the  heating: 

1)  at  minimum  temperature  cf  cycle; 


2)  at  the  maximum  temperature  of  cycle; 


2)  during  the  forced  heating  cf  s peciaen/sample,  which  occurs 
during  passage  froa  minimum  to  the  maximum  level  of  temperature. 


' 
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Pig.  257.  Schematic  electric  diagram  of  installation:  1 - 
potentiometer  EPP-09M2;  2 - specimen/sample ; 3 - vacuum  chamber;  4 
spring;  5 - loading  cylinder;  6 - fcypass  valve;  7 - solenoid;  8 - 
voltage  regulator. 

Key:  j[  1 ) . Frcm  valve.  (2).  From  pu«F.  (3).  1c  cylinder.  (4). 
overflow. 


Eage  310. 
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for  this,  two  exit  windings  of  regulator  gw-  10-250  and  one 
Minding  BNO-5-250  are  connected  to  the  entrance  cf  transformer  on 
turn  in  accordance  with  test  program,  Mith  the  aid  of  contacts  K on 
command  from  the  uqit  of  automatic  control.  The  application/use  of 
electrical  interlock  excludes  the  possibility  cf  the  simultaneous 
ccqnection/inclusion  of  heating  alcng  tuo  cr  three  channels. 

figure  258  depicts  the  diagrams  of  the  recording  of  a change  in 
the  temperature  at  different  test  programs: 


As  can  be  seen  from  diagrams,  the  character  of  a change  in  the 
temperature  aqd  load  in  the  process  of  tests  can  be  different. 

Varying  the  holding  time,  it  is  possible  to  obtain  the  following 
cycles  of  a change  in  temperature  and  lead  cf  the  specimen/sample: 

a)  with  holding  at  upper  level; 

b)  with  holding  at  lower  level; 

c)  the  triangular  cycle  of  a change  in  the  temperature  and  load.  ! 

I'  'i  ■ 

Furthermore,  is  previded  the  cut  cf  phase  change  in  the 
temperature  and  load  for  any  of  the  cycles  indicated. 
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The  maximum  frequency  cf  a change  in  tic  temperature  is 
dcterained  by  the  allowable  speeds  of  beatieg  and  coding 
speciien/sanple  in  vacuus  ard  for  tte  greatest  temperature  range  is 
approxiaately  1 cycle  alter  2 Bin.  heating  and  ceding 
speciaen/sanple  in  accordance  with  predetermined  program  is  fulfilled 
cn  ccamand  from  the  autcoatic  ccntrcl  systea  cf  teaperature.  The 
rates  of  heating,  loading  and  urlcading  speciier/sample,  End  also  the 
levels  of  temperatures  and  loads  are  assigned  during  the  presetting 
cf  this  systea. 

let  us  examine  the  cycle  cf  tie  operation  cf  the  automatic 
ccntrcl  system  of  the  icstallaticn  (see  Fig.  257). 
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Fig.  258.  Characteristic  temperature  cycles  ducing  tests  during 
installation  UTl/Q.  i : aj  with  hcldirg  at  minimum  temperature  of  cycle; 
b)  with  holding  at  maximum  and  minimum  temperature  of  cycle;  c)  a 
change  in  the  temperature  cn  triancular  cycle;  c)  with  holding  at  the 
maximum  temperature  of  cycle. 

Eage  ill. 

Jn  automatic  contrcl  system,  enter  potentiometer  1 - EPP-09M2 
with  thermocouple  PE,  auxiliary  relay  E of  the  type  "EP-41  "and 
HKU-ue,  of  the  time  relay  B,  and  B,  (BV-  4>,  the  relay  of  the  count 
cf  me me ntum/im pulse/pulses  Es  (BSI-2)  , command  tool  KEP-12U  and 
magnetic  starters. 

Cycle  can  be  divided  into  the  fcllcwing  fetr  parts:  J - holding 


with  high  temperature  ard  elongation;  II  “ ceding  and  the 
application/appendix  of  ccmpressicr  load;  111  - holding  at  low 


temperature  and  during  compression;  IV  - heating  and  increase  in  the 
tepsign.  Let  us  observe  the  work  of  schematic  fcr  each  of  the 
sections  of  cycle. 


On  the  first  section  cf  cycle,  the  circuit  cf  ceil  H,  is  closed 
and  contacts  3A)3  provide  the  ccnnectioi)/iEclusicn  of  heating  at 
constant  maximum  temperature.  Contact  1j?3  closes  the  relay  circuit  of 
the  time  R 7,  which,  being  blocked  by  contact  2fir,  begins  the 
countdown  cf  holding.  The  circuit  cf  the  sclencid  coil  of  control  of 
1 is  closed  by  contact  jft3,  the  valve  cf  bypass  valve  6 is  moved 
upward,  providing  pressire  relief  cil  in  leading  cylinder  5.  Tension 
is  applied  to  spec imen/saa p le  cnly  from  spring.  After  the  holding 
tiie  when  Tmn  is  closed  ccntact  lft7  ard  cn  the  coil  of  relay  r6  it 
passes  current. 

Contacts  IK*  and  disconnect  circuit  H3  and  M2  (second 

section).  It  is  simultaneous  with  this  Jft3,  being  disconnected,  it 
de-energizes  the  solencid  ceil  of  the  control:  the  valve  of  valve  it 
steps  down,  connecting  high-pressure  main  line  with  the  working 
cylinder  of  machine,  and  tc  the  ceding  specime n/sam  pie  it  is  applied 
compression  load. 

Upon  reaching  7^  (third  section)  the  electronic  regulating 
unit  of  potentiometer  closes  the  circuit  of  the  magnetic  starter  H, 


. 
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whose  coatacts  3fl[l  connect  testing  specimer/sai fie  with  holding  at 
lexer  level.  During  the  start  cf  auxiliary  relay  Bj , the  contact  3ft 
d«-en«rgiaes  coil  B7  and  disconnects  r4 ; b&j  closes  the  relay  circuit 
cf  the  tine  R,,  which  begins  the  ccuntdcwn  cf  fcclding  at  minimum 
temperature  of  the  compressed  speci xen/samp Je.  At  the  tersination  of 
holding,  R9  closes  contact  1f(9,  wear/operates  relay  Rs,  breaking  up 
circuit  Mj  and  Rt  and  preparing  fci  werk  M 2 and  W3. 

The  circuit  of  the  sclencid  of  control  is  closed  by  contact  2/?a, 
the  valve  cf  valve  is  moved  upward,  connecting  the  main  line  of  high 
cil  pressure  with  overflow.  Pressure  in  the  working  cylinder  of 
■achine  falls  (fourth  section) , and  the  eexpressien  load,  applied  to 
spccimen/sample,  is  decreased.  In  this  case,  tie  regulating  unit  of 
potentiometer  EPP-09-M2  closes  circuit  C2,  spec imen/sa nple  is  heated. 
Cn  leaving  to  upper  level  (first  section  of  cycle)  the  regulating 
unit  disconnects  M2  and  includes  M3  - s pecinen/sample  it  is  age/held 
at  constant  temperature,  but  by  the  time  relay  B7,  connected  with 
contact  l£j,  it  begins  the  countdown  of  holding.  Then  cycle  is 
repeated. 

Page  112. 

The  Qcrmally-closed  contact  1FE  of  pressure  relay  water 
disconnects  the  feed  of  control  circuit  in  the  case  cf  stopping  the 
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supply/feed  water. 


During  tests  with  alternating  load  and  the  constant  teaperature 
instead  of  the  contacts  2Rt  and  3^3  in  the  circuit  of  valve  6,  are 
included  the  contacts  of  the  connand  tccl  cf  KEF-120  (Pig.  257 
shews} . 

On  the  electric  circuit  of  installat icr,  is  shown  also  the  block 
cf  signaling,  which  consists  cf  step-down  trarsferner  Tr2  (HTO-50) 
and  bwlbs  IS,  and  also  tfce  block  of  straightening,  which  includes 
autotransf orner  RN 3 lUirn-  1C),  step-dowr  transferner  Tr3  <OSO-0.25) 
and  rectifying  bridge  of  diedes  D-305  at  oitput/yield  of  which  it  is 
possible  to  obtain  current  by  10  A and  voltace  cf  30  V for  the  feed 
cf  Ioqp  oscillograph. 


i 


The  tests  of  high-aelting  alleys  are  ccnducted  in  vacuun.  The 
canera/chanber  is  evacuated  by  cil  diffusicr.  puap  N-5S  and  by  two 
fore  punps  VN-2WG.  The  need  for  the  installation  of  two  periodically 
included  fere  punps  is  dictated  by  the  high  duration  of  tests. 


I 


Vacuun  in  the  canera/chanber  in  the  prccess  of  tests  was 
■ aintained  at  the  level  13.3-1.33  f#N/n*  (1C-«-1C~*  nn  Hg)  , leak  rate 
did  nft  exceed  0.2-0. 4 fQ/s , i.e.,  the  exanined  vacuun  systen  is 
sufficiently  airtight,  it  wakes  it  possible  tc  conduct  tests  under 


... 
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conditions,  which  eliminate  the  possibility  of  appearing  the  oxide 
files  on  the  surface  of  specinen/saaples  at  eaxieue  temperature. 

In  the  process  of  tests,  was  aeascred  the  overall  strain  of 
speciaen/saeple  and  ef f ert/f crce . For  such  aeasoreaents  it  is  not 
possible  tc  stick  resistance  strain  gaces  cr  specinen/saeple,  since 
the  tenperature  of  tests  is  very  high.  Here  used  the  resistance 
strain  gauges,  outlying  frem  the  zcqe  of  high  teeperatures  and  vacuum 
and  placed  to  elastic  cell/elesents. 


Strain  aqd  effort/force  for  specineq/scaplc  1 were  record/fixed 
at  the  signal  of  the  sensors,  stuck  to  brackets  14  and  plate/slab  19 
(see  Big.  255)  and  collected  into  bridge  circuits.  Signals  from 
straia  gauges  were  reinforced  by  tie  strain  measuring  station 
81KCh-7M  and  were  supplied  tc  the  trails  of  oscillograph  N-700. 
Oscillogram  was  record/written  in  the  special  cassette  of  the 
retarded  rewinding  2.5  nm/s  iq  a velocity  cf. 


Heasuring  system  they  calibrated  with  the  aid  of  needle 
indicators  with  the  scale  value  0.C1  mm  and  cf  dynamometers  of  type 
9£*1  mith  scale  value  25  H (2.5  kgf).  During  calibrating  pccurred  the 
linear  dependence  between  the  values  of  strain  (ef fort/f occe)  and  of 
the  signal,  entering  frem  sensors  to  oscillograph. 
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let  us  exaaine  the  procedure  cf  the  determination  of  the  plastic 
ccaponent  cf  deforaatior  in  cycle,  during  atilization  by  which  rests 
a whole  series  of  the  deforaaticn  criteria  cf  tie  decomposition  of 
aetals.  During  calculation  let  vs  operate  with  the  absolute  values  of 
the  strains  of  the  working  secticn  cf  spediaen/saaple  (6)* 

The  total  strain  of  speci len/saaple,  recc i d/written  in  the 
prcceas  of  tests,  is  deterained  as  fcllcws: 

®cyM  = + ^reoj  . (7.1) 

where  — ••charical  deforaaticn  of  speciacn/saaple  and 

systea  of  loading,  which  consists  of  the  plastic  defcraation  of 
speciaen/saaple  and  elastic  deforaaticn  of  the  systea  of  loading  and 
speci aen/saaple; 

°Ten.i~  the  thermal  defcraaticn  of  the  system  of  loading. 

Tberaal  deforaatior  can  be  deterained  with  the  aid  cf  the 
eguipaent,  available  in  the  asseably  of  installation,  by  heating  the 
unloaded  speciaen/saaple  tc  the  assigned/prescr ibcd  temperature 
liaits. 

for  determining  the  mechanical  component  cf  defcraation  it  is 


DOC  ^ 78133010 


F IG  E -Sir 


necessary  frcm  the  amount  tctal  deformation  to  deduct  the  value  of 
the  thermal  deformation  cf  the  system  cf  leading.  After  deducting 
elastic  component  from  the  amount  cf  mechanical  deformation,  it  is 
possible  tc  determine  tie  absolute  plastic  deformation  of 
spccimen/sample  for  each  tci gue/moient  cf  testing. 

The  amount  of  plastic  deformation  in  cycle  experimentally 
determined  by  the  construction  cf  hysteresis  Iccp. 

Fig.  259  illustrates  the  graphic  method  cf  the  construction  of 
hysteresis  loop  according  tc  the  results  of  the  recording  of  the 
oscillograms  of  a change  iq  the  total  and  thermal  deformation  and 
effort/force  in  specimec/sample. 

■echanical  deformation  determined  via  the  coincidence  of 

oscillograms  with  the  recording  by  the  total  S'rtt  and  thermal 
6TtBn  of  deformations,  but  the  value  >of  effort/force  R for  the 
corresponding  moments  of  time  they  read  directly  from  oscillogram.  In 
terms  of  the  values  of  effort/fcrce  and  the  ccrresponding  values  of 
mechanical  deformation,  mas  constructed  the  hysteresis  loop*  The 
plastic  deformation  of  epeciaen/saiple  in  cycle  was  determined  from 
hysteresis  loop  with  no  load. 


Calculations  showed  that  the  accur acy/prcc ision  of  the 
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determination  of  the  aacunt  of  plastic  defcraaticq  in  cycle  to  a 
considerable  degree  depends  oq  the  aconracy/pre cision,  fro*  which  of 
the  total  deformation  is  eliminated  theraal  ccipcnent.  Foe  a 
ccapariscq  Fig.  259  gives  hysteresis  lccp  ic  coordinates  i, 

•hick  can  be  constructed,  if  is  dees  not  eliainated  theraal  component 
* The  ccaparison  of  twe  types  cf  hysteresis  loops  shows  that  for 
determining  the  actual  talue  of  the  plastic  deferaation  of 
spcciaen/saaple  the  except icn/e lia iraticq  cf  theraal  component  is 
ccapulsory. 
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Page  314. 

Equality  the  themal  deforaations  cf  tie  leaded  and  unloaded 
spsciaen/saaple  - cne  of  tie  iapertant  conditions  during  the 
construction  of  hysteresis  loops  - is  provided,  if  the  temperature 
distribution  along  the  length  cf  speciaen/saaple  and  the  gradients  of 
the  temperature  in  the  case  cf  applicat icn/apperdix  and  in  the 
absence  of  load  are  identical.  In  cur  experiaents  this  condition  was 
ebserved;  therefore  during  the  deterainaticn  cf  the  absolute  plastic 
deforaation  of  speciaen/saaple  , it  was  admissibly  utilize  a value  of 
the  tberaal  deforaation  cf  the  unleaded  spcciacn/saaple. 


Hysteresis  loop  during  tests  under  coqaiticgs  of  a coabined 
change  in  the  tenperaturc  acd  load  is  net  sjiaetrical  relative  to  the 
axle/hxis  of  strain.  This  can  fce  explained  ly  tie  fact  that  the 
elongation  of  speciaen/saaple  cccurs  at  high  teaperature,  and 
ccaprdssion  - with  lower  (see  the  diagram  cf  the  cycle  of  a change  in 
the  teaperature  in  Fig.  259),  in  ccnseguence  cf  which  during 
elongation  and  conpressicn  are  proved  tc  be  different  the 
aodule/aoduli  of  elasticity,  yield  points  and  ether  characteristics. 


Fig.  259.  Diagram  of  the  construction  cf  hysteresis  loop:  a) 
temperature  cycle;  b)  tie  cscillcgzam  of  tie  reccrding  of  strain  and 
effort/force;  c)  hysteresis  loop  without  tie  excepticn/elimination  of 
thermal  deformation;  d)  hysteresis  loop  wit!  the  excluded  thermal 
deformation. 
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Under  isothermal  test  conditions  c£  hysteresis  loop,  they 
constructed  on  oscillogiams  of  the  recording  of  total  strain  and 
effort/force  of  specimen/sample,  since  in  ttis  case  it  is  not 

!l 

necessary  to  eliminate  thermal  defermation.  For  these  conditions  the 
hysteresis  loop  is  virtmally  symmetrical  relative  to  the  axle/axis  of 
abscissas. 

The  values  of  the  plastic  defcrmatica,  determined  with  the  aid 
cf  the  described  above  procedure,  are  integral  cnes.  For  determining 
the  local  relative  plastic  defermation,  it  is  necessary  to  know  the 
law  of  a change  iq  the  plastic  defermation  alcng  the  length  of  the 
specimen/sample  being  ievestigated  which  depends  cn  stresses  and  the 
temperature  distribution  alcng  the  length  ci  spcciaen/saaple.  It 
should  be  noted  th-at  the  character  cf  the  temperature  distribution 
and,  oonseguently,  also  plastic  defermatiers  ether  conditions  being 
equal  (identical  material,  the  ccnditicr  of  fastening 
specimen/sample,  medium),  depend  first  cf  all  c?  the  rates  of  heating 
and  cycling  specimen/sample. 

At  high  rates  of  heating  the  2one  cf  specimen/sample*  distant 
free  its  center  section,  are  heated  insignificantly  and  plastic 
deformation  is  localized  in  the  limited  volume,  which  has  maximum 
temperature.  During  the  tests  with  by  the  lew  speeds  of  heating  or 
with  hclding  at  the  maximum  value  of  temperature,  its  distribution 


; 
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along  the  length  of  specixen/sample  more  uniform,  and  plastically  is 
strained  the  considerably  larger  volume  of  aetal. 

Figure  260  shows  the  distribution  curves  of  teiperature  along 
the  length  of  solid  speciie r/saap le  Bade  pf  aclybdenun  alloy  at 
different  heating  rates.  The  heating  rates  chanced,  varying  power  in 
the  circuit  of  heating.  Thermocouples  were  fastened  in  special 
drillings  in  the  body  ci  spcciien/saiple;  the  diameter  of  holes 
corresponded  to  the  diaaetei  of  the  working  junction.  Each 
thermocouple  they  connected  with  separate  pctenticmeter  fp-1,  in  the 
process  of  heating,  was  manufactured  simultaneous  reading  of  all 
thermocouples. 

The  recrystallizaticn  cf  this  alley  begins  at  ~1370°C;  therefore 
during  tests  with  holding  at  the  aaxiaua  temperature  more  than  8 min, 
the  temperature  at  an  entire  werkitg  length  cf  specimen/sa mple 
exceeds  the  temperature  of  recrystallizaticn;  at  high  heating  rates, 
the  zqne  with  the  temperature,  which  exceeds  re cryst allization , 
substantially  is  decreased  (see  Fic.  2 6 C) . . 

Consequently,;  if  tests  are  conducted  at  the  different  heating 
catesy  it  is  necessary  to  consider  difference  it  the  extent  of  the 
zones  wrought  metal  during  the  determination  cf  the  amount  of  the 
relative  plastic  deformaticr  cf  s pecime  r./sa  iple  . 
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The  boundary/interlaces  of  these  zones  can  te  determined  in  each 
individual  case  with  the  aid  of  the  methods  cf  structural  analysis.  | 

Page  J16. 

The  calculations,  carried  out  for  cne  cf  the  alloys  on  the  basis 
of  molybdenum,  showed  that  for  test  cccditicns  accepted  occurs  the 

i 

following  dependence: 

= 2,25  , (7.2) 

where  Ae,u*x  - relative  plastic  defcrmaticr  cf  waterial  in  cycle  in 
the  center  of  specimen/saaplej 


if  - working  length  cf  specimen/sawple  whose  temperature  is 
higher  that  the  temperature  of  recrystalli2  etici;  J 

fina  - the  integral  absolute  plastic  deformation  of 

specimen/sample,  determined  made  of  hysteresis  loop  in  coordinates 
P—6  « 

^ MM  • 


Prom  formula  (7.2)  it  follows  that  the  maximum  deformation  in 
the  center  of  specimen/sample  considerably  (2.25  times)  exceeds  the 

averaged  value;  therefore  test  results,  machined  without  the  account 

to  localization  of  daforaaticn,  they  will  givt  the  decreased  values 

cf  maximum  plastic  deforaatiens. 


(ws  A»u*a  ofpama 


Fig.  260.  The  temperature  distribution  aloijg  the  length  c£ 
s pecinen/sample  at  different  heating  rates  (in  curves  is  shown  value  V 


Key:  J1).  Temperature,  °C.  (2).  air.  (3).  s.  (4).  Length  of 

specimen/sanple. 


Page  J17. 

Setting  up  for  the  investigation  of  mechanical  fatigue  with 

expansion-compression . 
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in  the  literature  [213,  214]  described  larce  number  of  settings 
up,  intended  for  metal  testing  for  fatigue  (durability),  is  a rule, 
the  settings  up,  intended  fer  the  investiga tic n cf  the  fatigue  of 
heat-iesi3tant  metals  at  temperatures  tc  7CQ-9CC°C,  in  principle  they 
in  no  way  differ  from  stands  at  roca  temperatures.  In  these 
high-temperature  settings  up  the  s peciaen/saip les  are  heated  in 
resistance  furnaces  with  the  heating  eleaects,  manufactured  from 
heat-resistant  alloys. 

For  the  test  work  cf  high-melting  materials  with  t>2000°C  in  the 
vacuum  of  the  settings  up,  developed  for  testing  of  structural  steels 
and  heat-resistant  allots,  are  unacceptable,  ard  it  is  necessary  to 
design  special  settings  up. 

Figure  261  shows  the  ccnstructici)/design  cf  the  setting  up, 
developed  in  the  institute  cf  the  problems  cf  the  strength  of  AS 
CkSSB,  for  test  work  fox  fatigue  of  refractcry  metals  in  vacuum  at 
temperatures  to  2000°C  [212]. 


Setting  up  consists  cf  vacuum  chamber  and  evacuating  system,  the 
system  cf  heating  speciien/sample  and  automatic  temperature  control. 
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system  of  loading,  meascriny  system  the  stress  end  strains  in 
speciaen/sample  in  the  process  of  tests.  bast/latter  system  makes  it 
possible  to  investigate  the  dissipation  of  enercy  in  metals  in  the 
process  of  fatigue  tests  with  the  aid  cf  the  ccrstruction  of  dynamic 
hysteresis  loop  - the  method  which  will  be  examined  below. 

Speci men/samp le  by  1 is  placed  intc  that  establish/installed  on 
mounting  1 water-cooled  vacuum  camera/ckam her  C,  manufactured  from 
the  stainless  steel.  Vacuum  in  the  camera/chamter  creates  fore  pump 
VN—2M0  and  diffusion  pump  N-5S. 

Seating  the  specimen/sample  is  realize/accc xplished  with  the  aid 
of  tungsten  heater^,  throughout  which  it  passes  current  from  power 
transferees;  stress  on  its  primary  winding  is  regulated  with  the  aid 
cf  autetransformer.  For  an  increase  in  the  calcrific  efficiency  and 
prevention  of  the  superheating  cf  the  walls  cf  vacuum  chamber,  the 
heater  is  encircled  by  shields  8. 

Temperature  is  controlled  and  is  automatically  is  maintained  at 
the  assigned/prescribed  level  with  the  aid  cf  thermocouples  and  the 
block  cf  automatic  control.  The  loading  of  spec Jmen/sample  is 
realize/accomplished  from  electric  motor  by  4 with  the  aid  of  the 
exciter  of  displacement/mcvemerts  14  with  by  the  continuously 
adjustable  over  the  course  amplitude.  The  exciter  of 
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displacement/movenents  strains  the  elastic  spring  of  5 levers  3, 
realize/acccmplishiny  tfcts  the  leading  cf  sp cci ien/saaple. 

Page  318. 

Via  the  selection  of  the  corresponding  size/dimensioqs  of  springs  and 
value  cf  load  9 on  the  ara  cf  spring  5 it  is  possible  to  attain  the 
coincidence  cf  freguencj  cf  induced  oscillations  with  the  natural 
frequency  of  oscillation  cf  spring,  i.c.,  to  change  to  the  resonance 
operating  code  and  to  unload  free  icchanical  e f iort/f orces  the 
tearing  of  vibration  exciter. 


The  effort/force,  which  acts  in  speeixen/s eaple  in  the  process 
cf  tests,  is  deternined  with  tie  aid  cf  the  optical  systee,  which 
consists  of  nirror  12,  fasten/strengthened  to  spring  5,  illuninator 
13  scale  11,  taking  into  account  the  results  of  the  carried  out 
dynasic  calibrating  of  setting  up. 


Taking  into  account  that  in  the  process  cf  tests  the  tesperature 
cf  speciae r/saaple  can  oscillate,  which  nay  change  the  character  of 
the  cycle  cf  loading,  tie  exciter  cf  displaceae nt/movements  with 
electxic  actor  4,  which  gives  it  in  rotation,  are  fasten/strengthened 
to  plate/slab  by  2,  which  is  aeved  relative  tc  hinged  bearing  edges. 

Ictating  steering  wheel  by  10  and  thereby  loving  plate/slab  2, 
it  is  possible  to  coapletel y reaove  the  effect  of  thcrsal  elongation 
on  the  characteristics  cf  the  cycle  cf  leading. 


i 


■ 


fig.  261.  Setting  up  for  the  investigation  cf  the  fatigue  of 
high-melting  alloys  at  Ireguencies  tc  EC  H 2 . 


Key:  / 1) . Hater.  (2).  Syste*.  <3)  . heating.  ( 4 ) . System  automatic 
machine  of  regulation.  |5) . Heasuring  system.  (€)  . Tc  vacuum  system. 


Eage  119 
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The  described  setting  cp  hill  lake  it  possible  to  also 
investigate  structural  transfor »at ic rs  in  metals,  utilizing  a method 
cf  dynamic  hysteresis  loop  [194],  which  assumes  the  reproduction  of 
the  dependence  between  the  stress  and  the  sirair  within  the  limits  of 
coe  cycle  of  loading.  In  such  a case,  when  material  is  strained  by 
ccipletely  elastic  ones,  the  line  cf  the  lead  application  will 
coincide  with  the  line  cf  ur leading#  which  indicates  the  absence  of 
the  irreversible  losses  in  material;  with  an  increase  in  the  stress 
level#  the  line  of  loading  will  not  coincide  with  the  line  of 
unloading  {Fig.  262)  and  within  the  liiits  cf  cce  cycle  the  process 
cf  the  deformation  of  material  will  be  char acterized  by  closed  loop 
whose  area  is  propcrtioral  irre ver siblly  scattered  in  material 
energy,  but  width  - inelastic  deformation  ic  cycle. 


fn  the  setting  up  cf  hysteresis  lccp  ir  guestion  they  are 
reprodcced  with  the  aid  of  the  unit  of  electronic  equipment,  shown  on 
Fig.  263. 


fn  it  enter  electrcnic  oscillograph  1,  frequency  filters  2 and 
3,  intermediate  low-frecuency  amplifier  4,  phase  inverter  5,  strain 
measuring  station  6,  switch  7 and  resistance  strain  gages  to  8,  9 and 
10; 


1 
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Ficj. 


Fig.  262.  Diagram  of  the  inelastic  defctmaticr  cf  material. 


Fig.  263.  Measuring  circuit  cf  setting  up  fcr  investigation  of 
fatigme  of  high-melting  alleys  at  frequencies  tc  50  Hz. 


Page  320. 

One  of  the  pairs  of  sensors  8 is  stuck  cn  the  bracket  (see  Fig 
26 1) whose  deformation  is  ficpcrticial  tc  the  deformation  of 
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speciaen/sample,  two  otie£  pairs  cf  sensors  9 and  10  ace  stuck  on  the 
elastic  dynamometer  (sec  Fig.  261)  wbcse  defcrwatic*  is  prpportional 
to  the  accompanying  to  £ peciaen/saaple  effcrt/f crce. 

Hith  repea ting-alternating  loading  the  signal  fros  sensors  in 
the  speciaen/saaple  through  the  strain  aeasiring  station,  through 
repeater  and  the  filter  enters  the  tangential  channel  of  oscillograph 
and  is  caused  the  deviation  of  electron  beat  with  respect  to 
hcrizQntal  which  will  be  picpcrticral  the  detonation  of 
speciaen/saaple;  signal  frea  sensors  tc  the  dynaacaeter  through  the 
straia  aeasuring  station,  the  phase  inverter  arc  the  filter  enters 
the  uptake  of  oscillograph  and  is  causec  the  deviation  of  electron 
beaa  with  respect  to  vertical  line,  prcporticnal  to  effort/force. 

Hith  cyclical  loading  the  displaceaent/ac veaent  of  ray/beaa 
continuously  and  on  oscillcsccpe  face  te  will  ettain  the  line  which 
will  characterize  the  dependence  between  ettcit/fcrce  and  deformation 
vithii  the  liaits  cf  one  cycle  (see  fig.  2(2). 

Amount  of  inelastic  deferaatien  in  cycle  during  the  atilization 
of  this  procedure  can  be  calculated  acccrdirg  tc  the  foraala 

A«  = A,  .Ajr,  (7.3) 


where  Aw  - a scale  alopg  the  aiis  cf  abscissas; 
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Ax  - width  of  loop  ct  oscilloscope  face. 

The  value  of  specific  irreversiblly  scattered  in  cycle  energy 
will  be  eg  cal  to.: 

£>-.*•  k,  - Ax  ■ kf  ■ y,,  (7.4) 

where  k - a factor  of  the  fern  cf  loop  (k«-1.33)  ; 

kt  - scale  along  the  axis  of  ordinates; 

y«  - amplitude  of  the  fceaa  deflectipn  along  the  axis  of 
abscissas. 

Figure  264  gives  the  speciaen/sasples  cf  hysteresis  loops  for 
different  stress  levels,  cttaiced  during  ir ves t igaticn  of  one  of  the 
■aterials  with  the  utilization  of  the  described  above  procedure. 


1 


BCC  - 781 3 J0 1 1 


PAG!  T7- 


Pig.  264.  Examples  of  dynamic  hysteresis  loops. 


Page  321. 

Setting  up  UVV- 1 for  the  investigation  cf  sechanical  fatigue  with 
herd. 


The  diagram  of  installation  UVV-1  is  civen  to  Fig.  285. 


Specimen/sample  1 is  fastened  in  two  struts  with  2 to  crosshead 
3.  Vibrations  from  aovipg  ceil  of  dynamic  loudspeaker  are  transferred 
traverse  (and,  cor respo fdi r gly , tc  specimec/sai pie)  through  power 
duct  by  4,  which  rigidly  is  fastened  tc  crcssfcead  with  the  aid  of 
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coqical  clamp. 


Bearings  5 provide  strictly  tie  vertical  displacement/movement 
of  duct  4;  they  are  establish/installed  on  eccentrics,  which  makes  it 
possible  to  conduct  their  ccntrcl. 


Specimen/samples  are  heated  bj  the  tracsmission  of  the  electric 
curremt  through  heating  rods  6 cf  tungsten  cr  molybdenum,  feed  to 
which  is  supplied  from  a power  transformer  cf  tie  type  the  OSD-40  on 
special  copper  cooled  current  supplies  7,  cue  cf  which  it  is  made 
movable  for  the  co mpens atic ? tie  tierial  expansion  of  heating  rods. 

On  drillings,  made  inside  current  conductors  is  fed  water  for  cooling 
some  parts  within  the  camera/cbamber. 


The  amplitude  of  transverse  vibration:  cf  specimen/ sample  is 
measured  with  the  aid  of  tele-iicrcscope  with  tie  micrometer  eyepiece 
through  window  8. 
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Page  322. 

For  decreasing  heat  losses,  tie  sped  a ei)/ s ample  and  heating  rods 
are  closed  by  system  frem  nine  heat  shields  9,  Bade  from  laminated 
iclybdenua  0.1  mm  in  thickness. 

Between  external  chamber  walls  and  shields  9,  is  located 
water-cooled  shield  by  10,  that  ccrsists  of  two  parts. 

facuum  chamber  consists  cf  housing  by  11  ard  cap/cowers  12, 
which  are  eguipjaed  by  water  jackets  for  presenting  heating  of  vacuum 
chamber. 

In  the  housing  of  chamfer  are  presided  three  windows  13  for  the 
conclasion/derivation  of  thermocouples,  lead/ducts  strain  gauge,  for 
the  introduction  of  the  packing/seal  of  the  system  of  power 
calibrating,  setting  up  cf  vacuum  cauge  lamps. 

figure  265  shows  also  system  fer  power  calibrating.  It  consists 
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of  tvc  hinged  framework  by  14,  that  have  sacdle  detects  for  pipes, 
slide  blocks  15,  traverses  16,  ccnEecting  icd  by  17  with  vacuus  seal, 
lever  18,  strut  19,  connecting  cod  20  kith  tic  plate,  to  which  are 
placed  loads  21.  The  vertical  ccnnccting  reds  cf  hinged  fcanevork  14 
pass  through  special  cuts  in  tie  system  of  shields. 

Ecr  calibrating  arc  utilized  tfce  wire-strain  gauges,  stuck  on 
speciaen/sample,  strain  aeasuring  station  and  oscillograph. 

The  sense  of  calibrating  consists  in  the  fact  that  is  found 
coaaunication/connectior  between  the  amplitude  cf  the  oscillations  of 
speciaen/saaple,  measured  with  the  aid  cf  tele-microscope,  and  the 
stress  in  it  at  normal  teaperature. 

Stresses  at  high  temperature  are  determined  analytically  taking 
into  account  the  temperature  distribution  aiepg  the  length  of 
speciaen/sample  and  dependence  cf  the  modulus  cf  elasticity  on 
teaperature  for  this  aaterial.  The  systea  cf  pewer  calibrating  allows 
fer  t<?  check  the  correctness  of  the  analytical  determination  of  the 
stresses  in  specimen/saiple  by  additional  calibrating  at  temperature 
of  7O0-9OQ°C  with  the  utilization  cf  hi gh- te ape rature  wire-strain 
gauges. 


The  cap/covers  of  earner a/chaa her  12  are  fastened  to  housing  with 


...  • ■ . 
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the  aid  of  special  links  22  with  adjuster  belts,  which  ensure  the 
uniform  reduction  of  sealing  rubber  packing  23.  Clamps  24  are 
eguipped  end-thrust  bearing. 

for  high-temperature  tests  was  created  tic  new  type  pf  fastening 
specimen/sample-tubes,  which  was  shown  cn  iig.  266.  Jet  with  11  is 
pressed  by  prism  3 and  by  finger/pin  13,  fasten/strengthened  between 
two  connecting  rod  1.  Spring  4 by  upper  end  abut  against  strut  5,  and 
lcwer  - into  finger/pin  6,  which  can  be  aovtd  in  the  grocwe/slcts  of 
strut.  In  order  to  spring  bj  the  capture  net  flatten  tubes,  into 
last/latter  is  inserted  insert  12. 

Struts  5 form  with  crcsshead  10  movable  connection.  Bearing 
clearances  9 of  this  copnection  arc  selectee  by  ccnical  nuts  7 and  by 
screw-propellers  8. 

Bcr  decreasing  the  contact  surface  between  the  strut  and 
connecting  rods  1,  to  avoic  additional  energy  lesses  in  the  process 
cf  testing,  are  establish/installe d the  disks. 

Page  323. 


Ecr  preventing  the  displacement/movencnt  of  tested  tube  along 
hcrizpntal  axis  in  time  of  tests  c p prisms  2,  there  are  pins  2 by 
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diameter  2 mm  which  enter  in  holes  in  the  tubes  2.5-2. 8 ■■  in 
diameter. 

Fcr  the  elimination  of  the  clearances,  which  appear  in  the  work 
of  the  load-bearing  eleiecte  of  assembly*  ard  tie  prevention  of 
percussive  attenuation  it  is  necessary  that  the  interference  for 
fastening  of  specimen/samples  would  be  1*5-2  n;  this  provide  hard 

{ 

springs  with  4. 

She  practice  of  tests  showed  the  reliability  of  the  operation  of 
this  fastening  of  jets.  One  of  the  advantages  cf  this  form  of 
fastening  was  the  insig tif icant  heat  removal  due  to  low  contact 
surface  between  prism  3 and  specisen/saiple  11.  Cn  Fig.  267  shown 
vacuum  seal  of  power  duct. 

Rubber  bellows  2 by  upper  flarge  cf  insert  3 is  pressed  with  the 
aid  of  screw/propellers  by  6 against  insert  7,  housing  1 and  saddle 
8*  Bracket  4 forces  the  bottom  edge  of  bellows  against  power  duct  5. 
Ib«  elasticity  of  bellows  depends  cn  its  height  and  the  thickness  of 
side  malls  (in  our  setting  up  their  thickness  was  6 mm). 

for  visual  monitoring  cf  the  cscillaticg  specimen/sample  and 

• r • - 'j lament  cf  amplitude  in  the  ca isra/chambcr , there  is  inspection 

• ••»<e  molybienun  glass  and  shutter  frcs  lasinated  molybdenum 
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C. 1 ■■  in  thickness,  which  can  be  turned  on  90  deg.  froa  vertical 
position  under  the  acticn/elfect  of  the  aagtet,  arrange/l$cated  from 
the  outer  side  of  the  caaera/chamber-  lie  advantage  cf  a shutter  of 
snch  type  lies  in  the  fact  that  there  is  nc  qecd  for  for  drilling 
holes  for  the  housing  of  wirdov  anc  lanufacture  cf  special 
packing/seals  for  the  cylinder  of  the  eechacisa  cf  the  opening  of 
shutter. 


- 1 


: 


r.  , 


Fjg.  266.  Clamp  for  fastening  cf  tvbular  specimen/sample. 


Eage  324. 

Is  vibration  exciter  in  the  c ell/eleaects  being  investigated  is 
used  the  vibration  table  cf  the  type  VO-10/300C  (EV-1H)  with  the 
following  characteristics:  cperating  frequency  50-3000  Hz:  maximum 
acceleration  - 20  g.  Maximum  weight  of  test  specimens  - 98  fll  (10 
kgf) . Hera  selected  the  following  size/dimecsicns  of  specimen/sample: 
= /?■■=] 0,4  jwjw;  t* 300 


Calculations  show  that  in  the  case  of  hinged  anchorage  of  the 
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specimcn/s ample  its  natural  frequency  Bill  te  230-«00  Hz,  depending 
cm  the  material  of  specimep/sample  and  temperature  of  tests. 

Ihe  measurement  of  temperature  is  aanulactured  with  the  aid  of  a 
platinum-platinum- r hod i ci  (tuggstei-r heniui)  thermocouple,  and  its 
ccptrql  duiing  testing  - cith  the  aid  of  the  gauging  electronic 
potentiometer  of  the  type  EIE-C9. 

•uring  this  setting  up  it  is  possible  tc  experience/test  on  it 
got  tired  also  the  speciaen/saiples  cf  ether  ccnstruction/designs. 

Furthermore,  with  the  aid  of  this  setting  up  it  is  possible  to 
conduct  vibration  tests  cf  the  series  -cf  eleients  of 
ccpstr ucticn/desig ns,  in  particular  joints  refractory  metal  - 
ceramics  with  the  contrcl  of  vacuux  tightness  cf  connection  in  the 
pxoceas  of  testing. 


t 
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Fig.  267.  Vacuua  seal  of  poker  duct. 


Eage  325. 


For  this,  in  the  camera/chatber  are  provided  for  the  corresponding 
attachsent s. 

During  this  setting  up  was  fitished  also  tie  procedure  of  the 

test  gf  the  shortened  speciaen/sai { les  by  tte  si*e/di«ensions: 

D» p-13,5  mm,  13.0**;  Z-150  ram. 
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Characteristics  of  strength  and  lav  governing  deforaation  and 
destruction  of  refractory  netals  u pder  conditicrs  of  cyclic  variation 
in  the  load  and  te ape rat  ere. 


Research  of  the  lavs  governing  defernatien  and  decomposition  of 
fcigh-ielting  alloys  on  the  basis  of  taqtalun,  niebiua  and  aolybdenua 
vas  conducted  through  three  prcgrais  of  a change  in  the  teaperature 
and  lgad  - see  Fig.  247  and  Table  <10.  1c  the  table  indicated  also 
corrected  values  of  the  gradient  of  temperature  along  the  length  of 
speciaen/saaple  for  different  conditic ns/acces  cf  tests,  the  type  of 
speciaen/saaples  and  the  characteristic  of  the  cycle  of  loading. 
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'iable  40.  Characteristics  of  the  ccnditions/acdes  of  theraocyclic 
loading. 
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Key:  (1) . Conditio ns/ao de  of  a charge  ir  the  lead  and  tenperature. 
(2).  Ccnditicqs/mode  A - thernccyclic  creep1. 

FOOTNOTE  *.  Speciaen/saaple  flat/plane,  AT  = 50  deg.  E SDFOCT NOTE . 

(3>.  «in.  (4).  Conditio rs/aede  E - isctherial  lca-cycle  fatigue  *. 

FOOTNOTE  2.  specim en/sa «ple  circular  A1=20C  deg.  ENDFOOTNOTE. 
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(5).  s.  (6).  Conditions/ncde  C - ncniscthenal  lew-cycle  fatigue9. 

FCCTNOT E 9.  Speciaen/saiple  circular,  A1-45C  dec. 


' 

FCGTNOTE  3.  r*-  1.  5,*»“<*"LEIDFCC1NCTE. 


FC'TNOTE  *.  Cs~  1. 5,  EIDFCOINGIE. 


Eage  J26. 

luring  tests  under  conditicns  of  cyclic  variaticn  in  the 
temperature  with  the  constant  tension  (cooditicijs/node  a)  utilized 
flat/plane  laminated  specisen/saiples  kith  the  size/dimensions  of 
working  part  25x5x  (0.5-1)  mi.  Circular  laE  s pec imen/sa mples  of 
working  part  10  mm  in  length  and  4.4  mm  in  ciameter  utilized  during 
tests  under  conditions  t an i c (lck-cycle  isothermal  and 
rcnisqther mal  fatigue).  Figure  268  shows  ierm  and  the 
sine/dinegsicqs  of  test  specimens.  The  leefcasical  properties  of  the 
investigated  alloys  are  given  in'takle  41. 


DOC  - 78133011 


DOC  - 78133011  FACE 

UUQ’ 

'Cable  41.  Mechanical  characteristics  of  the  arcught  alloys,  selected 
for  theraocyclic  tests. 


Ta  — 10*/0  W 
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!*/**  ( Kf/MM *) 


W «0J 
"*/*•  ( Kr/MM* ( 


715 

(73,0) 

560 

(57.1) 

340 

(34,7) 

532 

(54,3) 

389 

(39.6) 

114 

(11.6) 

21,6 

(2.2) 

497 

(50.7) 

435 

(44,5) 

203 

(20,35) 

38,5 

(3,9) 

594 

(60,5) 

469 

(48,0) 
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Investigation  of  deformaticr  and  d € cc mp csi t ic c under  conditions  of 
cyclic  variation  in  the  temperature. 


In  the  process  of  the  investigation  of  tbermocyclic 
stress-rupture  strength  (cccditicns/node  a,  fig.  247)  each  of  the 
selected  alloys  is  experience/tested  during  different  temperature 
cycles. 

For  each  alloy  maximum  and  mirimum  temperatures  of  different 
cycles  vere  identical  ir  all  cases,  variable  was  the  holding  time  at 
the  maximum  temperature  (see  Table  40). 


Alloy  yn-1  is  experiexce/tcsted  according  tc  prcgraas  AI,  All 
and  AJII;  the  niobium  alloy,  containing  to  lOo/c  Mc,-according  to 
programs  AIV  and  AV;  alley  V|| - 2 - according  tc  prograo  AVI,  while 

F.  | I 

alloy  Ta  - lOo/o  W - according  to  programs  AVI3  and  AVIII. 

« ( ■ - 

Figure,  269  shews  the  temperature  programs  through  which  were 
conducted  research  of  alley  Ta  - ICo/o  H»  Cn  this  sane  figure  shows 
to  the  dependence  of  elongation  on  the  numbers  cf  cycles  of  heating, 
presented  in  the  form  of  curves,  aialogcus  by  curve  cf  creep  under 
isctheraal  conditions.  Siiilar  curves  tere  obtained  also  for  the 
remaining  investigated  alloys. 


Fig.  268.  Specimen/samples  for  the  cyclic  tests:  a)  for  tests  for 
thtrmocyclic  stress-rupture  strength;  fc)  fci  tests  for  low-cycle 
fatigue. 

Key;  (1).  CTV. 


Cage  328. 

For  determining  the  deforaaticn  cf  speciae  r/samples  with  the  aid 
cf  wicroscope  mg  with  accwracy/precisic*  G . (C2  as,  was  measured  the 
clearance  between  the  fine/thir.  aclybdenum  plates,  welded  to  the  wide 
Fart  9 f the  specimen/saa pie  (see  Fig.  268)  . The  deformation  of 
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spccimen/samples  was  measured  after  each  aycle  at  constant 
temperature,  equal  to  nininui  temperature  cf  cycle. 

(Turves,  given  Fig.  269,  depicts  in  Fig.  27C  in  coordinates 
deformation  - total  tine  of  holding  at  the  aaxiaum  temperature  of 
cycle* 

The  analysis  of  the  results,  shcvij  on  fig.  269  and  Fig.  270, 
makes  it  possible  to  assume  that  fcr  alloy  7a  - lOo/c  V of  the  law 
governing  process  of  creep  under  conditions  of  cyclic  variations  in 
the  temperature  in  a smell  degree  depend  or  a rmmber  of  cycles  of 
heating  and  are  determined  ty  stress  level*  fcy  the  maximum 
temperature  and  the  total  time  cf  holding  at  this  temperature. 


Fig.  269.  Curves  theraocyclic  creel  alley  la  - ICo/o  «:  a)  testing 


according  to  program  AVII;  1 - #=2Sfi  MN/a2  (3C.3  kg/aa2)  ; X — #=290 
MN/a2  (29.5  kg/mm2);  3 - #=26C  MN/m2  (2C.-5  kg/aa2);  4 - 6=247  AiN/m2 
(25.2  kg/mar2)  ; 5 - #=182  #K\H/m2  (18.6  kg/aa2);  t)  testing  according  to 
program  AV III:  1-  #=30€  «N/m2  (31  *4  k.g/aa2)  ; 2-  #=299  f^N/m2  (30.4 

kg/aa2);  3 - #=267  NiN/mJ  (27.5  kg/*a2)  ; 4 - «=2fc3  rtlN/a2  (26.8 
kg/aa2);  5 - #=245  MN/a2  (25  kg/aa2). 

Key:  (I).  Relative  plastic  deferaatien,  o/c.  (2).  ain.  (3).  Number  of 


cycles  of  heating  speciaen/saaile. 
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Cage  329. 


fig.  270.  Curves  t l}ermocycl ic  creep  alley  la  - lOo/o  W: 

r««-wc;  r.u.«rc:  1 - *=308  «N/a2  (31.4  kg/u*);  2 - *=29  8 k<N/B2  (30.3 

kg/aa2)  ; 3 - *=299  J*N/b2  (30.4  kg/ea2)  ; 4 - o=290  MN/m2  (29.5 

kg/aa2)  ; 5 - *=267  MN/m*  (27.2  kg/na2)  j 6 - *=263  MN/m2  (26.8 

kg/BB2);  7 - *=260  MN/a2  < 2 C . 5 kg/va2)  ; 8 - *=245  MN/m2  (25  kg/aa2)  ; 

9 - *=247  HN/m2  (25.2  kc/mm2). 

Key:  (1).  Relative  plastic  deferaatien,  c/c.  (2>.  Time  to  failure  of 
speciaen/saaple,  h. 
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fig-  271-  Curves  of  stress-rupture  strength  of  alloy  YM-1*  1 - 
holding  at  aaxiaua  teaperatnre  of  cycle  30  s;  2 - the  saae  30  ain;  3 
- the  saae,  4 h;  1600°C=const;  r^-mre 


Key:  <1).  stress,  MN/a*  (kg/aa*)  . (2).  Kuaker  cf  cycles  of  heating. 
(3>.  Ictal  holding  vith. 


fage  330. 


lnalogous  results  *ere  obtained  during  the  investigation  of 
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processes  cf  creep  of  sclybdenus  and  nicbian  alloys  under  conditions 
of  the  cyclically  changing  teapcratures. 

dcnclusion  about  tic  dcteriining  value  cf  the  tctal  tine  of 
hclding  at  naxinun  tenperatore  during  the  tletnccyclic  tests  of 
high-aelting  alloys  confiri  the  results  of  the  investigation  of  the 
stress-rupture  strength  of  these  alloys  (Vig.  271-273). 

in  the  upper  of  Fig.  271-  273,  gives  graphs  stress  - nunber  of 
heating-cocliqg  cycles  cf  up  to  the  deccnp csiticn,  which  correspond 
to  different  tenperature  test  piogiaas. 

These  experiaental  data  are  represented  in  the  lower  part  of  the 
figures  indicated  in  the  cccrdinates:  stress  - total  tine  of  holding 
at  the  saxinua  tenperatcre  cf  cycle. 


I 


Fig.  272.  The  curves  of  the  stress-rupture  strength  cf  the 
alley:  1 - holding  at  the  aaxiaua  teaperature  cf  cycle  3.5 
the  same  30  min;  T = 1500°C-co«rt;;r„J-iiarc;  r_„-»rc  . 


Key:  (1).  Stress,  MN/m2  (kg/mm2).  (2).  Busker  cf  cycles  of 

(3>.  Tctal  holding  uith  > h. 


Eage  131. 


niobiun 
min;  2 - 

heating. 


In  this  case  all  experiment al  feints  are  packed  veil  to  one  straight 


HOC  * 78133011  EJGf  -40- 

line.  Dotted  line  carried  cot  the  curves  of  stress-rupture  strength 
for  isothereal  tests  at  the  teiperature,  egual  to  the  aaxiaua 
temperature  cf  cycle. 


Icth  cf  types  of  test$  were  carried  cut  in  the  speciaen/saaples 
cte  aad  the  sane  of  the  latch  cf  alley. 


The  ccaparison  of  the  graphs  cf  stress-rupture  strength, 
obtained  under  various  test  conditions,  shews  that  for  all 
investigated  high-aeltipg  alloys  with  considerable  stresses  and  short 
retention  tine  at  naxiaca  teaperatvre  the  graphs  of  theraocyclic 
stress-rupture  strength  pass  above  the  lines  cf  isothermal 
stress-rupture  strength,  i.e.,  occtrs  tberaccyclic  strengthening; 
then  they  intersect  and  with  the  decrease  cf  stress  and  an  increase 
in  the  tine  to  failure  ccccrs  tier aocyc lid  scftecing  - the  graphs  of 
theragcyclic  strength  picve  to  be  theaselvcs  below  the  lines  of 
iscthcraal  strength. 

Since  theraocyclic  strengthening  is  observed  only  initially 
during  saall  tine,  and  then  begins  soften^ic,  it  is  possible  to  count 
that  the  result  of  theriocycling  is  the  larger  softening  of 
high-aelting  alloys  in  ccaparison  with  isothcraal  tests.  However, 
this  difference  for  the  investigated  oonditiens/aodes  is 
insignificant. 
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Jig.  273.  The  cut»es  of  the  stress-rupture  strength  of  alloy  Ta  - 
10j/o  fir  1 - holding  at  the  aaiiaua  temperature  of  cycle  10  ain;  2 
the  sale,  30  ain;  I=900°C=ccn»t;  rm„-m-c;  rmtm-arc . 

Key:  pi).  Stress,  pi W/a*  (kg/aa*)  . 1 2)  . Buater  cf  cycles  of  heating. 
13).  fetal  holding  aith  Tmgj  , K. . 


Page  3 32. 


The  oitained  results  si  oh  that  for  estimating  the  service  life 
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of  high-aelting  Materials  at  tie  cyclically  changing  teaperatures 
under  the  conditions,  close  to  those  invest! gat ed,~~Xt  is  possible  to 
utilise  the  known  suaaaticr  icrsula  cf  relative  service  life, 
preposed  by  a number  of  aethors*  fer  beat-resistant  aaterials  [209  ]: 


where  u ~ total  time  of  tbe  bcldiag  -of  specisca/saaple  on  the 

a 

as sigmed/p re scribed  4-th  level  of  teaperatsxe  and  stress; 


v<  — tiae  to  failure  on  the  sane  level  cf  the  teaperature  and 
stress  at  isothermal  loading. 


• here  (TrMx/*«  - total  tiae  of  holding  at  the  aaxiaua  teaperature  of 
cycles  with  the  4-th  holding  tiae  when  i r cycle; 


*7  - tiae  to  failure  cn  the  saae  level  of  teaperature  and 
stress  in  isctheraal  corditicns. 


lhen  the  holding  tiae  at  aasiaua  teaperature  for  all  cycles 
equally,  it  is  possible  tc  pat  to  cse  the  f crania 


where  H - a nnaber  of  cycles  of  heetiag-cpcling  cycles  before 

decomposition. 
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Special  investigation  shoved  that  for  wrought  alloys  y|j-2  and  Ta 
- lOo^c  H under  conditicns  cf  thersocy cling  occurs  an  insignificant 
increase  in  the  sicrohaidness  - to  195-245  Mtf/a*  (20-25  kg/mm *)  - in 
ccspazisca  with  initial,  which  for  alloy  V||~2  is  2840  RM/n*  (290 
kg/sn2),  and  for  alloy  la  - lOo/o  N,  - 245C  MS/s2  (250  kg/na2) . 

The  structure  of  ttese  alloys  dees  npt  undergo  noticeable 
changes,  although  is  observed  siall  grain-gicvt fc  and  partial 
recrystallization. 

The  sicrohardness  cf  wrought  alloy  >M-1  in  the  process  of 
thersgcycling  is  decreased  by  3 92- 590  J*0/n2  (40-60  kg/aa2)  in 
ccsparison  with  initial,  casponent  -'265C  Airf/a2  (270  kg/aa*),  which, 
possibly,  is  explained  by  annealing  and  grain-gcowth  as  a result  of 
recrystallization. 

The  deccaposition  cf  all  enuscrated  alleys  begins  froa  the 
eaergence  of  sicrocrackc  pzedcaina ttly  cn  giain  boundaries  which  they 
are  spread  both  oq  the  bouqdary/interf aces  and  throughout  the  body  of 
grains. 

Unlike  wrought  alleys  VH-1,  VM-2  and  Ta  - lOo/o  V,  dering  the 
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theragcyclic  tests  of  the  recrystallized  aictiui  alley,  vkich 
contains  tc  lOo/o  Mo,  is  observed  the  essential  increase  pf  the 
■icrokardness  of  alloy,  several  tiaes,  that  exceeding  the  value  of 
initial  nicrohardness,  nhich  f cr  this  alloy  is  1765  MH/a1 2  (180 
kg/aa2).  An  intense  inctease  in  the  nicrohardness  to  3630-3920  Mm/ a2 
(370-800  kg/aa2}  occurs  during  several  fixst  cycles  of 
heating-cocling  cycles,  schsegiient ly  it  beccaes  insignificant. 

la vestigat ion  of  deforaaticn  and  decoap csiticn  under  conditions  of 
cyclic  variation  of  loac  a q d temperature.: 


Ihe  decoaposition  cf  tte  cylindrical  speciaen/saaples,  tested 
under  conditions  of  reheating  and  alternating  leading 
(ccnditioqs/aodes  b and  c),  preceded  intense  change  in  the  fora  of 
working  section  and  the  ferxatien  cf  the  network  of  cracks. 

1 change  in  the  fora  cf  speciaen/saaples  aade  of  the 

investigated  naterials  bore  the  dGUble  character:  with  formation  in 
the  center  of  the  working  section  cf  neck  cr  with  fornation  in  the 
center  cf  the  working  section  cf  ccgvexity.  Kinetics  of  the 
development  of  two  foras  cf  shaping  indicated  is  scheaat id ally 
represented  in  Fig.  274. 


!! 
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fig.  274.  Process  of  shaping  the  s feci len/saa p le:  a)  with  the 
fcxwaticn  cf  geek;  b)  - eitfc  buckling. 


Eage  J34. 

lh«  process  of  shaping  speciwen/saaple  can  be  conditionally  broken 
into  three  stage: 

1 stage  occur/flow/lasts  prior  to  the  .begirding  of  considerable 
shaping,  Mhich  is  characterized  by  a change  in  the  diaweter  of 
working  speciaen/sanple  on  0.2  ■ 


- 


11  stage  is  characterized  by  the  alow  accuiwlation  of  the 
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distortion  of  the  fors  cf  £ peciaen/saap le  ard  it  passes  under 
ccqdifions  of  the  continucis  development  of  necks  and  thiokenings  (in 
this  stage  is  forsed  the  net* cik  of  cracks) j 


XII  stage  begins  after  the  considerable  shaping  of  the 
specisen/saaple  when  entire/all  plastic  defcriaticq  is  virtually 
localized  in  the  zone  of  neck;  this  stage  is  finished  with 
dcccapcsition. 

This  character  of  shaping  is  ckserved  during  tests  under 
coqditions  and  "soft"  (with  the  constant  aaplitede  of  stress)  and 
"rigid"  (with  the  constant  aaplitude  of  defoliation)  loading. 

luring  tests  esplojing  the  procedure  accepted  under  conditions 
cf  alternating  deforaaticn,  takes  (lace  the  displaceaent/aoveaent  of 
the  arterial  of  speciser/saaple  of  cne  part  cf  it  of  working  section 
iatc  another  without  an  increase  in  the  cc aacn/cener  al/tot al  length 
of  specisen/saaple.  In  the  zenes  of  thickenings,  occurs  the  gradual 
accuaulation  of  coapressive  strain)  while  ic  the  zones  of  necks  - 
tensile  strain,  i.e.,  the  aaterial  cf  different  aacrcvoluaes  of  the 
working  section  of  spec Jaen/saaple  accoiulates  the  deforaations  of 
opposite  sign. 

The  result  of  cyclic  creep  is  the  quasi-static 
dcccapcsition  of  speciaen/aaaple.  Speciaen/saap Jes  aade  of  alloy  VM -2 

failed  theaselves  after  feraatien  iq  the  center  section  of  the 

thick# a log  (Fig.  275a),  while  « pec iaen/saa plea  aede  ef  alloy  VB-1  a ad 
tsIDH  - after  foraatioa  la  the  ceater  aectica  of  aech  (Fig.  275b). 
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Is SCH  on  a number  of  cycles  of  loading.  These  curves  are  typical  for 
the  investigated  metals  and  alloys;  they  ccrsist  of  three  sections. 


On  the  first  section  occurs  at  increase  ir  the  plastic 
def ermatio r,  on  the  second  section  the  aacuct  cf  plastic  defornation 
is  stabilized  and  finally  c«  the  third  section,  vhich  precedes 
deccmp csition,  occurs  its  increase.  During  iurther  calculations  were 
considered  the  values  of  the  plastic  defcriaticr,  corresponding  to 
the  stabilized  section  cf  the  curves  of  deformation,  since  they  nost 
completely  they  characterize  the  ability  cf  material  to  be  resisted 
the  effect  of  cyclic  loads. 


I 


The  investigations,  carried  out  on  alleys  VN-2,  VM-1  and  TsSDH, 
they  shoved,  that  for  high-melting  alloys  uas  valid  the  dependence 
betveen  a plastic  deforaaticn  in  cycle  and  c nuaber  cycle  before 
decomposition,  proposed  by  Koffin  fer  describing  the  lavs  governing 
the  decomposition  of  heat-resistant  alleys  [2|l  ]: 

K,  •**=€,  (7.8) 

vhere  stua  ~ an  amount  of  cyclic  plastic  deformation; 


1 - number  of  cycles  cf  loading; 


k and  C - parameters. 
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Is  an  example  Pig.  277  and  27E  in  dual  logarithmic  coordinates 
give  the  experimental  data,  obtained  during  testipg  respectively  of 
alleys  ?»-2,  TH-1  and  of  Ts SDH  acccrdiqg  tc  program  B-I  and  B-II  ^of 
alleys  VH-2  apd  V|^-1  under  conditicqs  V-1. 

It  is  known  that  crystal  structure  of  refractory  metals  and 
alloys  is  stable  at  all  temperatures. 
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Fig.  276.  Curved  changes  in  th«  aacant  cf  the  plastic  deformation  of 
the  alloy  of  TsSDH  (T-1600°C;»»*«i  «.-~nM)s|  - *=  1C4  Ndi/a2  (10.8  kg/aa2)  ; 2 
- «=76liN/a*  (7.65  kg/aa2);  3 - (6.65  kg/aa2);  4 - *=62 

W/a2  (6.3  kg/aa2);  5 - «=54  f*N/n2  (5.5  kg/aa2);  6 - *=46  «N/a2  (4.7 
kgf/aa). 

Key;  | 1) . Belative  plastic  defcraaticn,  o/c.  (2).  Number  pf  cycles  of 
leading. 

f 1 

’ l 

Page  336. 

j 

Certain  change  in  the  properties  cf  these  alleys  during  cyclic 
variation  in  the  tenperature  in  essence  is  determined  by  an  increase 
in  grain  sizes  at  testing  teapcratcres  higher  than  the  teaperature  of 
recrystallization. 


1 
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Xn  the  process  of  qrain-gtcwth  cn  boaccar y/iqterfaces,  occurs 
the  concentration  of  iaturity/adaiatures,  akick  leads  to  the 
weakening  of  boundary/interfaces,  and  consequently , waterial  as  a 
whole/ 


Fig.  277.  Results  of  the  investigation  cf  the  rcnisothernal  fatigue 
of  alleys  V*-1  and  yn~  1#  r.„-wrc!  r.m^Mrc:  1 - VM-2:  2 - VH-1;  3 - 

appearance  of  a network  cf  cracks. 

Key:  11).  Relative  plastic  defernatien,  o/c.  (5).  Nunber  of  cycles  of 
loading. 


Pig.  278.  Results  of  in vestigaticn  of  isothernal'  fatigue  of  alloys 
VN-2  <1),  VM-1  (2)  and  IsSDP  (3).  l=16CC«C*ccnst  (bright  points 
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correspond  to  the  fcrnaticn  of  neck,  black/ler teas  - to 
deccaf  csition) . ■ 


Key:  II).  Relative  plastic  deforaaticn.  (2>.  Nuafcer  of  cycles  of 
loading. 


Page  J37. 

1 1 

therefore  in  the  case  of  theraccyclic  tests  at  tenperatures,  on  soae 
sections  of  the  cycle  o t of  these  exceeding  the  teaperature  of 
recrystallization,  the  character  of  or igin/ccnccptioa/init iation  and 
develfpaent  of  cracks  ard,  consequently,  also  deccapcsit ions,  to  a 
considerable  degree  depends  on  the  intecsity  cf  grain-gronth  on 
different  sections  cf  speciaen/sabple. 

Research  of  struct iral  changes  in  alleys  vas  conducted  in  the 
spcciaen/saaples,  manufactured  frea  the  aaterial  of  cne  batch  and 
tested  during  the  various  ccnditio cs/aodes  cf  a change  in  the 
teapeEature  and  load. 

longitudinal  sections  tere  prepared  fer  the  speciaen/saaples, 
cut  alcng  axle/axis,  fot  purpose  cf  tracing  a change  of  the 
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nicrostructure  and  hardness  in  different  sections  cf  specinen/sauple. 
lias  measured  the  microhar dncss  of  tbe  body  cf  grains  and  their 
bcundary/interf aces  and  they  observed  tbe  «icr cstructure  of 
specinen/sanple  with  the  aic  of  me tallogra pbic  (with  increase  in  200) 
and  electron  aicroscopes  (with  increase  in  14CC  and  7500)/ 

Figure  279  shows  the  iicr  cst  ructure  cf  alley  vtf-l#  tested  in 
state  cf  strain  to  short-tine  strength  with  16CC°C. 


Fig.  279.  Structure  of  alloy  VM“1#  tested  tc  short-tine  strength  with 
1*160G°C#  d=54o/o,  (x20C):  a)  structure  in  the  zone  cf  decomposition; 
b)  structure  out  of  the  zene  of  deccnpcsit icn. 
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As  can  be  seen  froa  this  figure,  the  material,  tested  at  the 
temperature,  which  exceeds  recr yst allizaticr,  in  the  zone  of 
decomposition  and  the  zone,  distant  from  the  position  of  fracture, 
has  different  structure,  Thickness  of  bcundary/interfaces  and  grain 
size  is  increased  in  proportion  to  apprcacb/approximat ion  to  the 
section/cut  of  decomposition  At  the  teaper atures,  which  do  not 
exceed  the  temperature  cf  tie  recr ystallizaticn,  the  changes 
indicated  in  structure  it  is  net  observed. 

The  strength  of  material  during  the  b i gh-temper at ure  tests, 
which  are  accompanied  b)  recrystal li2ation , sharply  falls,  and 
plasticity,  as  a rule,  it  is  increased  (Pig.  26C). 

For  the  speciaen/saaplcs,  tested  under  conditions  of 
renisetheraal  and  isothermal  cyclic  loading,  there  are  three 
characteristic  structural  zones,  ar  extents  of  each  of  which  depends 
on  the  temperature  distribution  along  the  length  of  speciaen/saaple 
during  tests.  The  zones  indicated  are  clearly  noticeable  on  the 
sections  of  the  speciaen/samples  made  cf  alley  VB-1,  subjected  to 
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cyclic  loading  under  ncriscther aal  ccrditicrs  (Pig.  28  1,  2 8 2):  I - 
zone  of  coarse-grained  structure  near  the  position  of  fracture;  II 
transition  zone  with  snaller  grains;  III  - zone  of  fine-grained 
structure.  Zones  have  sharp  boondary/iqter feces. 


Pig.  280.  Resalts  of  the  test  of  the  short-tine  strength  of  alloys 
1111-2(1),  V H—  1 (2)  and  TsSEH  (3). 

Key:  (1).  Elongation  per  unit  length,  o/o-  (2).  Lisit  of  strength, 
Mn/b*  (kg/nn*).  (3).  Tenperature  of  tests,  °C. 


1 


Fig.  281.  Structure  of  alloy  VH-i  ( x 2 C C ) , ttsttc  under  nonisothermal 
conditions  of  low-cycle  fatigue  i«r  r^-nrci.  a)  zcne  III;  b)  zone 


II;  c)  zone  I 


'A’y  4 
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Fig.  2 82.  Structure  of  alloy  Vfi-1  (X24C0,  tested  under  nonisothermal 


conditions  of  low-cycle  fatigued, 


•iur  o 


Figures  281a,  282a  shots  characteristic  fer  III  zone 


miciostr ucture;  predominantly  small  grains  are  criented  along 
direction  of  rolling.  Tke  temperature  of  this  zere  was  below  the 


temperature  of  recrystallization,  and  stress  level  was  insignificant 
[to  98  KAn/ih*  (10  kg/mm2)];  the  traces  cf  plastic  deformation  in  zone 
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111  are  absent,  its  structure  is  analogous  to  tie  structure  of 
initial  aatecial. 

Figures  281b  and  2€2b  depicts  aicrcstr ucture  in  II  zone  of 
specinen/saaple.  Are  visible  the  results  of  the  recrystallization:  an 
increase  in  grain  sizes  and  certait  thickening  cf  boundary/interfaces 
because  of  the  liberaticn/isolatic n cn  the*  of  iapur ity/adnixtures 
with  grain-growth.  In  this  zcne  are  observed  also  the  traces  of 
plastic  deformation  (Fig.  263) . 

The  photographs  of  the  aicrostructure  cf  zcne  I - position  of 
fracture,  are  represented  in  Pig.  281c  and  282c.  This  zone  is 
characterized  by  coarse  grains,  that  it  is  possible  to  explain  by 
intense  growth  in  the  process  of  rccrystallizaticn  because  of  the 
higher  teaperature:  I'm  »■] 600*0,  ana  larger  plastic  deforaation.  The 
plasticity  of  aetal  at  teaperature  of  1600°c  is  considerably  higher 
than  at  the  teaperature  of  2one  II,  not  exceeded  1«00°C.  This  confirm 
the  results  of  the  tests  of  short-tera  strength  of  alloys  VH-1,  VH-2 
and  TsSDfl,  which  are  given  to  Fig.  280. 

Traces  of  plastic  deforaation  in  zone  1 were  not  virtually  kept 
as  a result  of  recrystallizaticn.  nevertheless  the  effect  of  plastic 
deforaation  on  structure  I cf  zone  can  he  cstafc lish/installed,  if  is 
ccapared  it  with  the  structure  of  the  analogous  zone  of  the 


I 
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speciien/sawple,  subjected  to  ther wocycliqg  io  the  sate  range  of 
teupecatures  <260* 1600* Q,  but  without  the  application  of  external 
load,  ihe  structure  of  the  specisen/sasple  which  was  not  subjected  to 
■echaoical  loading  during  beating,  was  shown  on  Fig.  284. 

; 


r ' 
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Fig.  283.  Structure  of  II  zcne  cf  s pecimen/samp le  (x12/)00).  Alloy 

VH-1  w«rci  rto-*rci  o#coo*n 

Page  342. 

Is  observed  a noticeable  difference  in  the  structure  in  zone  I:  the 
unloaded  material  has  mere  uniform  and  are  smaller  in  size/dimensions 
egui-axeds  grain. 

Location  of  three  characteristic  structural  zones  during  tests 
under  isothermal  conditions  (T=  160C°C=ccnst)  differs  from  that 
described  above. 


Zcne  I completely  covers  the  working  section  of  specimen/sample; 


in  it  occurs  the  intense  plastic  deformation  cf  material,  which  is 
accompanied  by  the  considerable  shaping  of  t pec inen/sa mple  with 


....  ... 
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repeated  static  loading. 


3one  II  is  arrange/located  in  the  region  cf  transition  from  the 


vorking  part  of  the  speci ser/sanple  to  that  thickened.  The 


temperature  of  this  zone  coincides  vith  the  temperature  cf 


recrystallization,  and  the  traces  cf  plastic  deformation  are  absent. 


The  structure  of  material  in  zcne  III  dees  not  in  practice 


differ  from  initial.  This  zcne  during  teste  under  isothermal 


conditions  coincides  with  tie  thickened  part  cf  the  specimen/sample. 


Fig.  284.  Structure  of  alley  Vlj- 1 (%„-wrCi  a)  I zone  (x450)  ; 

t)  II  zone  (x200). 


Pig.  205.  Structure  in  jcne  cf  decc up csiticr 


1 j200)  : a)  alloy  VK-1 


T=  1600°C=ccnst;  4e-n%;  b)  alley  TsSCP;  T=  160  C °C  = ccnst. ; a«-78.6%:  c)  alloy 


ZaZuM  T=  1 60C°=con  st;  a«-i,57% 


Zone  indicated  distribution  can  be  explained  by  the  fact  that  at 


isothermal  test  conditions  the  temperature  distribution  along  the 


length  of  specimen/ sample  is  mere  everly  than  kith  ncnisothermal 


ones,  and  the  temperature  cf  entire  working  section  exceeds  the 


" i -- 
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The  decomposition  cf  s pec imen/samples  curing  tests  both  fro* 
constant  and  with  variable  temperature  occurs  in  zone  I.  The 
mechanism  of  shaping,  which  precedes  decomposition,  was  examined 
above. 


During  the  nonisother mal  mode  of  destructive  testing,  is 
developed  by  crack  initiation  on  grain  boundaries.  During  isothermal 
destructive  testing  bears  also  intergranular  character,  but  together 
with  the  preferred  development  of  cracks  on  boundary/interfaces,  is 
observed  their  formation,  also,  in  the  body  cf  grains. 

Figure^  285  gives  typical  miciophotogr aphy/microphotographs  of 
the  struct-ure  of  zone  I for  the  tested  specimen/samples  of  two 
alloys,  which  illustrate  the  character  cf  crack  propagation. 

The  comparison  of  the  structure  of  speciaen/samples  made  of  the 
identical  alloys,  which  were  failed  after  different  number  of  cycles 
cf  loading,  shows  that  cot  only  fen  cf  fracture,  but  also  grain 
sizes  depend  on  the  duration  of  tests. 

iith  an  increase  in  the  duration  of  the  stay  of  material  at  the 
temperature,  which  exceeds  recrystallizaticc,  grain  sizes 
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considerably  are  increased  and  because  of  this  is  increased  the 
concentration  of  impurit y/adaixtures  in  bourdar y/inter  faces. 

The  measurement  of  the  nicrohacdness  cf  the  investigated  alloys 
shoved  that  its  value  is  decreased  in  ccapariscip  with  initial  to 
different  degree  fcr  different  zones  of  structure  and  unessentially 
it  depends  on  the  duration  cf  tests  and  aacunt  cf  plastic  defomation 
in  cycle.  The  initial  micro  hardness  cf  all  investigated  alloys  VN-2, 
VH-1  and  TsSDM  was  2160-226C  Mn/b2  (220-23C  kg/im2^.  Microhardness  in 
zepe  J of  border  and  internal  sections  cf  grains  for  different 
speciien/sanples  had  a value  frem  1760  to  1910  HN/a2  (180-195 
kg/ma2),  in  zone  II,  - frea  1960  tc  2060WN/B2  (200-210  kg/aa2)  and 
ir  zone  III  - from  2010  to  2110  MN/m2  (205-215  kg/am2)  . 

Investigation  of  the  fatigue  failure  of  refractory  metals. 


The  fatigue  strength  of  tie  niofciua  alloy  VN-2  feast  the  noraal 
and  high  (1100°C)  temperatures  in  vacuum  1.33  MH/a*  (10"»  am  Hg)  is 
experience/tested  in  tubular  specisen/saaples  (dn=  11.6  an;  d„ 
-10.4  aa;  7=300  aa ) during  installation  OVV-1  (see  pg.  321).  As  can 
be  seen  froa  the  curve/graph  of  the  teaperature  distribution  along 
the  length  of  speciaen/saaple  at  1200°C  (Fig.  2C6),  cn  the  working 
section  of  speciaen/saaple  80  aa  it  leng  tie  gradient  of  teaperature 
is  insignificant. 
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Figures  287  gives  the  fatigue  curves,  obtained  for  alloy  VN-2  at 
coca  and  high  temperature;  a noticeably  considerable  reduction  in  the 
limit  of  fatigue  with  1 100°C  in  comparison  with  its  value  at  room 
temperature. 

Service  life  during  tests  in  vacuum  prove  to  bes  itself 
substantially  higher  than  in  air  (Fig.  288).  As  can  be  seen  from  Fig. 
288,  the  zone  of  the  limited  durability  during  tests  in  vacuum 
sharply  is  expanded  (S-K  curve  is  misaligned  to  the  right)  , that  it 
is  possible  to  explain  by  the  lower  speed  c f the  propagation  of 
fatigme  crack  in  vacuum  in  comparison  with  testing  in  air. 

Analogous  conclusicn/der ivaticns  about  the  effect  of  vacuum  on 
service  life  obtained  other  researchers.  Sc,  in  the  work  of  Wadsworth 
[223]  it  is  shown,  that  the  service  life  of  the  specimen/samples  made 
of  steel  with  0.5o/o  C,  which  were  testing  for  reversed  bending  at 
the  constant  amplitude  cf  deformation  and  frequency  100  Hz,  was 
increased  ~10  once  during  tests  in  vacuum  in  comparison  w$th  tests  in 
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Fig.  286.  Graph  of  the  te*F«rature  distribution  along  the  length  of 
tube. 

Fig.  287.  S-N  curves  of  alley  VN-2;  1 - 20°C;  2 - 1100°C. 

Key:  (1).  Stress,  MN/a2  (kg/aa2).  (2).  Number  of  cycles. 

Page  346. 

It  is  interesting  to  ncte  that  in  the  speciaen/saaples,  tested 
in  vacuua  during  the  deformations  lower  that  the  aaxiaua,  were  saall 
cracks  which  were  not  spread  during  the  subsequent  tests,  even  if  the 
latter  were  conducted  in  air. 

Interesting  investigation  conducted  by  fieapel  [12],  It  checked 


proposition  of  Schaub  acd  Lidtke  [221]  abort  tie  fact  that  for 
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initiation  of  fatigue  fracture  at  rooa  temperature,  besides  sliding, 
is  necessary  the  reaction  cf  the  atcns  of  surface  with  the 
surrounding  atmosphere,  first  cf  all  with  atmospheric  oxygen. 

For  this,  were  tested  cylindrical  speciaen/saaples  Bade  of 
cazboa  steel  {0.03o/o  C)  tc  fatigue  with  elongation  - conpression 
(om— 0,  /— 35  Hz)  in  the  special  test  chanter  where  the 

spaciseo/saaples  washed  by  the  purified  and  dried  gases:  o2,  N 2 , h2 
and  Ar.  Furthermore,  the  corresponding  tests  were  conducted  also  in 
air.  Figure^  289  depicts  the  results  of  fatigue  tests  in  different 
■edia.  As  can  be  seen  frc«  curve/giaph,  the  ccapcsition  of  gaseous 
aediua  at  atmospheric  pressure  influences  cither  service  life  or  the 
endurance  limit  of  this  steel. 

Talcing  into  account  good  corrcsion  resistance  of  niobium  and  its 
alloys  [47],  it  is  possible  to  make  the  conclusion  that  the  expansion 
of  the  zone  of  the  limited  durability  during  fatigue  tests  in  vacuum 
is  connected  with  a decrease  it  the  velocity  of  an  increase  in 
fatigue  cracks,  in  view  cf  the  decrease  of  the  wedging  action/effect 
of  the  layer  of  molecules  cf  gas. 


i. 
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Pig.  388.  The  S-N  corves  cf  alloy  PN-2  in  different  redia:  1 - 
vacuum;  2 - air. 


Key:  XI).  Stress,  MV»2  (hg/ni*).  (2).  Nun  ter  cf  cycles. 


Page  347. 


Together  with  the  plotting  of  curves  cf  tie  fatigue  of 
high-nelting  alloys,  was  carried  out  the  study  cf  the  laws  governing 
energence  and  development  of  fatigue  cracks.  These  processes  were 
studied  in  the  specinen/saiples,  which  were  thir-walled  tubes.  Proa 
speciaen/sanples  were  cut  out  the  secticns  sc  that  Xt  would  be 
possible  to  study  changes  in  structure  both  in  longitudinal  and  in 
transverse  section/cuts  (Fig.  290). 
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Pig.  289.  The  results  of  fatigue  tests  of  carbon  steel  (0.09o/o  C)  in 

different  gaseous  sedia  [221]:  1 - air;  2 - 02;  3 - H2  ; 4 - N2 ; 5 - 


Key:  XI)*  HN/a2  (kg/ma2).  (2).  Nuater  of  cycles 


Fig.  290.  Schematic  of  cut  cf  sections  frea  speciaen/saa pie  with 


opposite  to  crack;  4 - crack  (beginning) ; 5 - longitudinal  vertical 
secticn/cut;  6 - cross  sections;  7 - longitudinal  horizontal 
secticn/cut;  8 - crack  (ends). 


Nicrostructure  was  studied  with  the  aid  of  aetallogra phic 
aicroscope  HIH-8M  and  on  electron  aicroscopc  UIB-100  by  the  aethod  of 
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collodion  impressions,  shaded  by  ebremium  [217], 

Testing  microhardness  cn  grinding  face  was  manufactured  on  tool 

a 

EMT-3  with  load  0.5  N (50/).  The  tine  cf  leading  was  10  s,  and 
kcldicg  under  load  12  s [120]. 

l 

j 

A 

Fig.  291.  Fatigue  crack  in  the  specimen/sample  of  alloy  YU-2  (*5). 
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Fig.  292.  Structure  of  alloy  VN-2  after  deccnpcsition  with  20°c 

(x800) : a)  the  vertical  section/cut  of  speciaen/sample ; t)  horizontal 

section/cut . 
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Crack  occupies  almost  tie  half  cf  the  periieter  of  specimen/sample. 
On  this  same  surface  there  are  intermittent  small  cracks, 
side-by-side  to  basic  crack.  Frcm  both  cf  sides  cf  the  developing 
crack,  are  observed  fan-shaped  zones  of  plastic  deforaation. 


During  vertical  secticr/cut  of  cne  of  the  speciaen/saaples  in 
the  zone  of  the  greatest  stresses  (Pig.  292a)  clserved  two  parallel 
cracks,  intersecting  all  the  secticq/cut.  These  aain-line  cracks  are 
rectilinear  and  they  pass  through  it  is  sulturic  alloy,  which  are 
proved  to  be  substantially  defcraed.  In  horizontal  section/cut  the 
crack  has  corrugated  character  and  it  passes  both  on  grains  and  on 
their  boundary/int erfaccs  (Eig.  292b). 


By  the  method  of  election  micicsccpy  *ere  investigated  the 
surfaces  of  the  tested  s pecimen/sa ■ pie  from  the  side  of  fatigue  crack 
(Fig.  293a)  and  from  opposite  side  of  crack  (fig.  293b). 


On  the  surface  of  specimen/sanple  near  ccnnection/inclusions, 
are  observed  the  microcracks;  them  it  is  greater  on  the  destroyed 
side  cf  speciaen/sample,  than  on  opposite  side. 
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The  aicrohardness  cf  icitial  speciaens  has  1450  MH/a*  (152 
kg/aa*) . In  vertical  secticn/cut  fioa  the  side  cf  decoaposition  (near 
the  crack  initiation)  the  aicrchardness  is  egual  to  1700-1730  MN/a2 
(173-176  kg/aa*)#  and  froa  diaietr ically  opposite  side  1850  Mn/bz 
(189  kg/am*). 

Refractory  metals  in  a series  cf  ccqst i uct ion/designs  work  in 
ccapoand  with  ceramics. 


Fig.  293.  Structure  of  alloy  VN-2  (x140C)  after  testing.  T=20°C;  a) 
frciD  the  side  of  c rack;  b)  from  opposite  sice. 


Page  351. 

Curing  operation  similar  assemblies  are  ccxpletely  frequently 
subjected  to  vibration  effects.  The  investigation  of  the  fatigue 
strength  of  compound  refractory  aetal  - ceramics  with  the  check  of 
vacuum  tightness,  which  is  the  basic  requirement  which  must  satisfy 
compound,  was  realize/accc mp lished  duricg  the  ircdernized  installation 
UVV-1.  Joints  refractory  metal  (niobium  alley)  - ceramics  (M203)  , 
shewn  on  Fig.  294a,  elongated  by  the  tubes  from  niobium  alloy  which 
were  scldered  to  the  ends  cf  the  metal  tubes  cf  joints.  The  general 
view  pf  specimen/sample  after  the  scldcrinc  of  extenders  is  shown  on 


Fig.  294b) 
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Fig.  294.  Joint  is  refractory  seta!  - cecaiics:  a)  structural 
ce ll/element;  b)  specimen/sample. 


Fig.  295.  Besults  of  vibration  tests  of  structural  cell/element 
(jcint  refractory  metal  - ceramics). 

Key:  (1).  Stress,  NjN/m2  (kg/mm2) . (2).  Number  of  cycles. 

Technology  rations  ensured  vacuum  tightness  and  the  considerable 
cechanical  strength  of  ccmpcund. 
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sped men/s  ample  was  estab 1 ish/irstallec  in  captures  within 
vacuui  chamber  of  installation,  which  they  evacuated  to  1.  33  Mli/m* 
(1C~S  mm  Hg).  The  internal  cavity  cf  specimen/s ample  was  connected  by 
the  aeans  cf  vacuui  hoses  with  the  autenomeus  systea  of  peeping  out 
which  created  a vacuui  in  s peci len/sami le.  After  this  inside 
specimen/sample,  was  supplied  beliee.  Durinc  crack  initiation  as  a 
result  of  transverse  vitrations  of  specimer/sample  which  they  excited 
with  the  aid  of  an  elect icd jrai ic  filiation  table  of  the  type  EV-1H, 
helium,  contained  speciien/sample,  began  tc  eaerge  inside  vacuum 
chamber,  that  they  notec  according  tc  the  threw  cf  the  pointer  of 
vacuun  gauge. 


Figure^  295  gives  seme  results  of  vibretiem  tests  of  structural 
cell/element  refractory  metal  - ceramics,  lc  graph  are 
plctted/applied  only  the  points,  which  correspond  to  the  breakage  the 
ceramic  part  of  the  specimen/sample.  In  this  case  the  torque/moment 
cf  the  disturbance/brea kdew r cf  vacuum  tightress  of  compound 
coincided  with  the  tor gue/mcment  of  final  fragmentation,  which 
indicates  its  high  rate. 

Criteria  of  the  decomposition  cf  refractory  metals. 


I 


COC  * 78133012 


pace  -aa- 


7/3 


Is  accuaulated  at  the  present  tine  considerable  of 
quantity-experinental  data  on  the  characteristics  of  short-tine  and 
stress-rupture  strength  and  plasticity  of  refractory  netals  at  high 
tenperatures.  Are  auch  less  studied  the  lavs  governing  defornation 
and  deconposition  of  refractory  netals  under  conditions  of  cyclic 
variation  in  the  load  and  temperature,  i. e. , under  conditions, 
taxinally  approxiaated  to  operating  conditions  cf  articles  nade  of 
refractory  netals. 

Therefore  special  iaportance  aeguires  the  establishaent  of  the 
tasic  criteria  of  the  dtccnpositicp  of  refractory  netals  and  alloys 
Kith  the  aid  of  which  it  would  be  possible  tc  estiaate  their  strength 
in  real  construction/designs. 

Talcing  into  account  the  United  vclune  cf  the  experinental 
results,  obtained  on  refractory  netals  and  alleys  under  these 
conditions,  it  is  possible  to  speak  cnly  atcut  the  establishment  of 
the  tentative  dependences  which  in  properties  tc  the  accnnulation  of 
experinental  data  will  be  ccntinuously  iapreved. 

The  examination  of  the  possible  criteria  cf  deconposition  let  us 
conduct  in  connection  with  three  scheaatics  of  loading  and  heating, 
given  to  Pig.  247. 
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During  tests  under  conditions  A (thermccyclic  stress- rupture 
strength)  there  is  essential  interest  in  the  investigation  of  the 
effect  of  the  cyclic  recurrence  of  heating  cn  the  service  life  of 
refractory  Metals  and  alloys  at  high  teiperetures. 

Page  353. 

Per  all  investigated  alloys,  as  is  evident  ire*  the  results,  given 
above*  thermocycling  was  conducted  under  the  conditions  when  Maximum 
temperature  a little  exceeded  the  temperature  of  recrystallization 
and  corresponded  to  optimum  operating  temperature  for  this  alloy,  bu 
minimum  composed  100-200°C.  Investigations  cn  alloys  VM-1,  VN-2, 
niobium  of  alloy  with  lOo/o  Ho,  alloy  Ta*10c/o  S under  conditions, 
described  earlier,  sufficiently  clearly  shewed  that  determining  is 
the  total  time  of  holding  at  maximum  temperature.  The  curves  of 
stress-rupture  strength  for  isothermal  and  thermocyclic  conditions, 
constructed  in  coordinates  o - lg  t,  virtually  coincide  in  the 
investigated  range  of  time  to  failure.  These  results,  taking  into 
account  that  that  testing  they  were  conducted  according  to  the 
twe-stage  program  of  heating,  at  which  the  lower  level  of  the 
temperature  is  very  small,  and  consequently,  was  small  the  degree  of 
the  damage  of  material  at  this  temperature,  they  testify  to  the 
conformity  of  experimental  data  to  the  linear  hypothesis  of  the 
accumulation  of  damage. 
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Further  investigations  in  this  field  test  show,  will  correspond 
to  the  hypothesis  indicated  the  results,  obtained  during  a program 
change  in  the  temperature  cn  several  levels,  it  is  sufficient  to 
close  to  the  temperature  of  recrystallizaticn.  Ihe  comparison  of  the 
rates  of  steady-state  creep  with  isothermal  and  thermocyclic  loading 
for  one  of  the  meltings  of  alley  VN-2  at  temperature  of  1200°C  and 
alley  VN-1  at  tenperature  cf  1600°C  is  carried  out  in  Fig.  296. 

From  the  results,  given  tc  Fig.  296,  it  fellows  that,  as  it  was 
tc  be  expected,  thermoc yclirg  misaligns  dependerces  Vn  — a to  the 
side  cf  high  stresses,  moreover  this  difference  is  more  essential  for 
alloy  VN-2.  Tests  under  conditions  C (see  fig.  247)  correspond  to  the 
copditions/mode  of  tests  for  low-cycle  fatigue  under  isothermal 
conditions.  Under  this  conditions  experience/tested  alloys  VH-1,  VN-2 
and  TsSDM.  If  is  is  based  op  results  of  numerous  experiments,  carried 
cut  for  structural  and  heat-resistant  alloys  [ 211,  222  ],  then  for  the 
criterion  of  decomposit icn  under  these  conditio rs  can  be  accepted 
plastic  deformation  as  cycle  Amu  the  stage  cf  the  stabilization 
cf  hysteresis  loop. 
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Pig.  296.  The  cates  of  steady-state  creep  lor  alloys  VM-1  and  VN-2:  1 
- isothecaal  loading;  2 - theriocyclic  loading. 

Key;  { 1)  . 1/cycle.  (2).  1/iin.  (3).  BS/a*  (kg/aa?). 

Page  354. 

The  dependence  between  a plastic  deforaati.cn  in  cycle  and  a number  of 
cycles  before  decoapositicn  for  this  case  can  le  recerded  or  in  the 
fera  of  the  equation  of  Ccffin  [211] 

. A/*  = C;  A = 0,5:  C=-£,  ' (7.9) 

where  N - a nuaber  of  ejeles  before  deccapcsiticn; 

e,  - actual  elongation  during  dcccaposition ; ^ C and  k - 

pa  ca  meters, 

cr  in  the  aore  general  vie* 


V.-S(2A0*. 


(7.10) 
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where  eu  - amplitude  of  plastic  de forma  tic r in  cycle. 

Both  these  dependences*  as  is  kncwo,  correspond  to  straight  line 
in  coordinates  lgAe„  — IgAr. 

Given  to  Fig.  277  and  278  experimental  data  show  that  in  the 
investigated  range  of  a cutter  cf  cycles  before  decomposition  is 
observed  linear  dependence  tetveen  Asm  anc  lg  M both  for  the 
torgue/moment  of  forning  of  neck  and  for  tie  torgue/aoaent  of  final 
f ragaentat ion.  Similar  type  dependences  car  be  ctilized  within 
certain  limits,  for  extrapolation  into  the  range  of  the  high  values 
N.  However,  the  nunerical  values  of  parameters  k and  C,  as  this 
fellows  from  fable  42,  do  net  correspond  tc  the  values,  which  figure 
as  in  the  formula  of  Coffin.  Experimentally  obtained  values  k and  C 
are  considerably  more  than  theoretical,  moreover  parameter  k is 
changed  within  very  wide  liaits. 

All  this  excludes  for  refractory  aetals  the  possibility  of  the 
calculation  of  dependence  lg Ae  — lg ,V  according  to  the  results  of  static 
testsi 
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fable  42.  Values  of  parameters  k and  C iq  the  equation  of  Coffin  for 

• aeries  of  klgb-aeltiaq  alloys. 


Ca,M 

■ c?> 

■aum- 

■■■ 

-Jd\. 

•6pa»OM- 

u« 

MM  * ■ < 

BOMJC* 

rpeauiH 

- (g? 

paprac- 

"l 

o6ymn> 

■Ml 

757 

MMCM< 

■MBM- 

T?i*r 

— <£> 

papjn*- 

c. 

BH-2 

IB 

0,77 

0,77 

0.77 

0.45 

1.25 

2,66 

BM-1 

IB 

0,74 

0,74 

0.74- 

1,23 

2, at 

•*8,80 

UCAM 

! I1B 

0,43 

— 

0,43 

0,42 

o'n 

BH-2 

IB 

— 

1,13 

1.00 

1,31 

1, 50 

BM-1 

IB 

1.13 

1.00 

1.81 

1.50 

Key:  (1).  Value  k for  stage...  (2).  Alley;  (3).  Conditions/aode  » of 
testing. 


I 


FOOTNOTE  *.  See  Table  40.  EKDFCCTNCTE. 


(4).  formation  of  neck.  (5).  appearance  of  cracks.  (6). 
deccapcsition. 

Page  355. 

For  the  rough  estiaate  of  the  service  life  of  refractory  aetals 
with  isothermal  cyclic  loading,  it  is  pcssitle  to  utilize  Peterson’s 
criterion  [220],  who  assumes  that  for  all  metals,  independent  of 
their  properties,  to  the  amplitude  of  cyclic  deformation,  equal  to 
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2o/o , corresponds  the  service  life  of  103  cycles. 


this  criterion  is  checked  in  work  [219]  fcr  48  different  netals 
and  alloys.  If  one  takes  into  accocnt  that  fci  investigated 
refractory  aetals  AeBJI«Ae,  since  elastic  comprising  of  high-tenperature 
defornation  is  low,  then  of  the  results,  given  to  Fig.  27i,  it 
follows  that  Peterson's  criterion  satisfies  by  findings. 


testings  under  conditions  C (see  Fig.  247) , which  is 
conditionally  named  the  co ndit ic ns/mcde  of  Ecnisctheraal  low-cycle 
fatigue  they  showed  that  paraseters  k and  C,  entering  the  equation  of 
Coffin  were  different  fcr  oie  and  the  sane  alleys  with  isothernal  and 
ncgiscthernal  loading.  The  comparison  of  the  nuierical  values  of 
these  paraneters,  obtained  fcr  two  ccnditicns/icdes  cf  tests,  is 
carried  out  in  fable  42. 


Jt  should  be  noted  that  this  result  is  feund  in  contradiction 
with  the  experimental  data,  obtained  fcr  heat-resistant  alloys  [222], 
which  show  that  regardless  cf  the  fact,  were  ccnducted  tests  under 
isctheraal  or  nonisotheiaal  conditions,  to  specific  plastic 
defornation  in  cycle  corresponded  an  identical  number  of  cycles 
before  decomposition. 
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Pig.  297.  The  results  of  the  test  cf  the  lch-cycle  fatigue  of  alloys 
VN-2  and  VM-1  under  the  isotheraal  and  non iseth eroal  conditions:  a) 
in  coordinates  the  aaplitude  of  the  stress  in  cycle  - a naaber  of 
cycles;  a)  in  coordinates  aaplitude  - tine  cf  loading  when  r 
- alloy  on  the  basis  of  nolybdenun;  2 - alley  on  the  basis  of 
riebiua;  3 - T^const;  •Iconst;  «»  - T=ccnst;  «=ccnst- 

Cl). 
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The  special  feature/peculiarities  cf  the  behavior  of  refractory 
■etals,  apparently,  are  connected  kith  essential  effect  on  the  lav 
governing  the  decoapositicn  of  the  tiae/tea penary  factors  the  degree 
cf  aanifestation  of  vhich,  as  is  knevn,  grct</ri$es  with  an  increase 
in  the  plasticity  of  the  aaterials  being  investigated  and  teaperature 
of  testing. 


- \ 
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Processing  the  experiaental  results,  obtained  on  alloys  TH-1  and 
78*2  during  their  tests  under  conditions  B and  C (see  Fig.  247) , 
showed  that  these  data  are  packed  sufficiently  well  to  single 
straight  lines  in  coordinates  o — lgrTmm,  (Pig.  297),  where  *r„.T  - tine 

of  the  deteraination  of  naterlal  at  teaperature  is  higher  than  the 
teaperature  of  recrystall izaticn. 

On  the  essential  effect  of  t iae/teiporary  factors  on  the  law 
governing  deforaation  and  decc (position  of  refractory  metals  and 
alloys  during  their  tests  according  tc  programs  B and  C (see  Pig. 

247)  testifies  also  analysis  of  structural  transfornations  in  then 
and  kinetics  of  shaping. 


n^\ 


rTX>~ 


' 

Eage  357. 

EEFEBENCES 

t.  n.  A.  Filyand,  Ye.  I.  Semenova.  Properties  of  rare  elements. 

Publishing  house  "metallurgy",  196H. 

2.  Encyclopedia  of  contemporary  technclogy.  Structural  materials. 

Vcl.  X -III . Publishing  house  "Soviet  encyclcpe d ia",  1963. 

3.  K.  Agte(  1.  VatseJc.  Tungsten  and  molybdenum.  Publishing  house 


L 


DOC  * 78133012 


PAGE  -37- 


7-2-3 


"energy",  1964. 


*y.  C*ll.  '/A.ly  bde*o*  , F<?>- * ^ 

5.  H.  A.  Shaposhnikov.  Mechanical  tests  of  setals.  Hashgiz  £ 
{State  Scientific  and  Technical  Publishing  Ecuse  of  Literature  on 


Machinery  Manufacture],  1954. 


6.  G.  S.  Pisarenko  et  al.  Strength  of  materials  at  high  temperatures. 
Publishing  house  of  "Scientific  Thought",*  1966. 


7.  P.  K.  P'yu.  In  the  collection  "jrcblea  cf  ccftempcrary 
metallurgy".  Metallurgizcat,  1959,  He  5,  p.  90. 


8.  S.  D.  Gertsriken,  I.  Ya.  Dekhtyar.  Diffusion  in  aetals  and  alloys 
in  solid  phase.  Fiznatgiz,  1960. 


9.  A.  G.  Bloch.  Bases  of  heat  exchange  by  e*  iss  ion/r adiation.  State 
Technical  Press,  1962. 


10.  0„  K.  Nazarenko.  Electron-beam  welding.  Publishing  house  of 
"Scientific  Thought",  1965. 


11.  E>  Helan,  G.  Parkus.  Theraoelastic  stresses,  caused  by  stationary 
fields.  Fizaatgiz,  1958. 


12.  Cpll.  "atomic  mechanism  of  decomposition".  Metallurgitdat,  1963. 


13.  N.  J.  Grant.  Investigations  at  high  temperatures.  IL,  1962. 


14.  Harper  D.  L.,  Feilbach  W.  H.,  Libach  J.  F.  Proc.  ASTM,  1963 

v.  63,  p.  664.  -• 

15.  Doering  H.,  Shahinian  P.  Mater.  Rea.  and  Stand.,  .4966.  ▼.  6, 
M *,  p.  134. 


16.  V,.  I.  Likhtman,  Ye.  D.  Shchukin,  P.  A.  iebinder.  Physicochemical 
aechanics  of  metals.  Ed.s  of  the  AS  USSR,  1S62. 


17.  I.  Cramer,  L.  Demer.  Effect  of  medium  on  the  mechanical 


properties  of  metals.  Publishing  house  "metallurgy",  1964. 

0 

18.  Aw  H.  Borzdyk.  Methods  of  the  hot  mechanical  tests  of  metals. 
Hetallurgizdat,  1962. 

IS.  Ya.  B.  Fridman.  Mechanical  properties  of  aetals.  Oborongiz,  1951. 

20.  Aw  N . Kotylkin,  V.  F.  Grigcrcvich,  V.  E.  Kishene vskiy.  Plant 
laboratory,  1962,  Mo  12,  f.  1513. 


DOC  = 78133012  PAGE  f-j 

22*  Coll.  "refractory  metals  and  alloys".  Publishing  house 
"metallurgy",  1965. 

23.  Mordaike  B.  J.  Inst.  Metals,  1960,  v.  88,  M 6,  p.  272. 

29.  Coll,  "niobium  and  tantalum".  IL,  1960. 

25.  Coll,  "questions  of  high-temperature  strength  in 
machine-building".  Ed.s  of  AS  OkSSI,  1963. 

26.  E.  M.  Warmer.  Ponder  metallurgy,  1S62*  Ko  2,  f.  60. 

27.  Niobium  and  tantalum.  Publishing  houge  "metallurgy",  1966. 

28.  Braun  H.,  Sedlatcheek  K-  Less  — Common  metals,  1960,  Ni  2— 

4,  p.  277. 

29.  Gi  V.  Samsonov,  A.  P.  Epik.  Coatings  frcm  refractory  compounds. 
Publishing  house  "metallurgy",  1969. 


3Q.  Cell,  "thermal  stability  of  materials  acd  structural 
cell/elements.  Publishing  house  of  "Scientilic  Thought",  1965. 

31.  Vi  A.  Lanis,  L.  Ye.  Levina.  Vacuum  tests  technique. 
Gosenergoizdat,  1963. 


1 


I 

, 


EOC  * 78133012 


PAGE  -49— 


7 ^ 


32a  fl a Na  Aleksyuk,  V.  t.  Rudenko,  in  the  collection  "Technology  and 
organization  of  production".  Izd.  OkrNITI,  1969,  No  2,  p.  20. 

33.  Mi  N.  Aleksyuk,  V.  K . Budenko.  In  the  collection 
"Machine-building".  Izd.  UkrNITI,  1966,  No  9,  p.  96. 

39.  S.  P.  Malikov,  N.  I.  Tyurin.  Introduction  to  aetrology.  Ed.s  of 
the  ccaaittee  of  standards,  1966. 

35.  Gi  P.  Katys.  Methods  and  tools  for  aeasuring  The  paraaeters  of 
unsteady  theraal  processes.  Mashgiz,  1959. 

36.  Bi  A.  Glagovskiy,  I.  D.  Piven.  Electrotenscoeters  of  resistance. 
Publishing  house  "energy",  1964. 

37.  A.  N.  Gordov.  Bases  of  pyreaetry.  Publishing  house  " aetallurgy ", 
1964. 

38.  0.  A.  Gerashchenko,  V.  £ Fedoiov.  Thenal  and  teaperature 
aeasureaents.  Publishing  house  of  "Scientific  Ihought",  1965. 


39.  A.  A.  Poskachey,  S.  P.  Busin.  Eeasureaent  of  the  teaperature  in 


DOC  * 78133012  PAGE  -JH- 

electronetric  installations.  Publishing  house  ’'energy",  1067. 


40.  S.  V.  Yeliseyev.  The  deterainaticn  techrig-ue  of  the  Mechanical 
properties  of  Materials.  Publishing  house  "*achine~bui ldinq" 

1 fit*. 


B>.  Avdeyev.  A technique  of  determining  the  mechanical 
properties  of  materials.  Mashlnostroyeniye  Publishing  House,  1965. 

42.  S,  I.  Ivin.  Statistics!  Methods  of  check  and  analysis  of  the 

quality  of  the  light  sources.  Ed.s  of  the  ccanittee  of  standards, 
1968. 


43.  A.  K.  Mitropol • skiy . Statistical  ccnputaticns  technigue. 
fizmatgiz,  1961. 

44.  Yu.  V.  Linnik.  Method  of  least  squares  end  tasis  of  the  theory  of 
perfecting  observations.  Fiznatgiz,  1962. 


45.  E.  M.  Savitskiy  et  al.  Izv.  of  the  AS  OSSB,  CTN  (Metallurgy  and 
fuel/propellant),  1963,  Ho  6„  p.  40. 


46.  D.  McLean.  Mechanical  Fioperties  of  aetals.  Publishing  house 
"Metallurgy",  1965. 


47.  Ye.  M.  Savitskiy,  G.  s.  Burkhanov.  Physical  Metallurgy  of 
refractory  aetals  and  alloys.  Publishing  heist  "Metallurgy",  1967. 


I 


DOC  = 78133012 


PIGi  -42-~ 


w 


Page  359. 

«.  Mackenzie  l.  K.  Proc.  Phys.  Soc..  I960,  t.  63.  H,  |.  p.  2. 

49.  H . Tu.  Bal*shin.  Ponder  physical  netallcrgy.  fletallurgizdat, 
19  48. 

50.  7.  ?.  Skorokhod.  Ponder  aetallcrgy,  1961,  No  1 a.  50. 

51.  G a 1 1 o F.  Alluminio,  1950,  M I,  p.  19. 

52.  MexoBa  O.  A.  MamiTOtT'aiti  MeTaaoicepaMiBHi  MaTepiajiH.  Bha-bo 
AH  VPCP.  1959. 

53.  Coble  R.  L.  and  Kingery  W.  D.  »J.  Amer.  Ceram  Soc.“.  1956, 
v.  39,  Mt  11,  p.  337. 

5«2  Sh.  W.  Plyat,  Yu.  H . Bapopcrt,  Ye.  T.  Cbofnss.  Physical 
engineering  journal,  1958,  No  1,  S6. 

55.  Me.  Adam  D.  J.  Iron  a.  Steel  Inat.,  1951,  v.  68.  p.  346 

56.  A>  Ya.  Artamonov,  V.  A.  Dacileikc,  Yu.  A.  Kashtalyan.  Powder 
■etallurgy,  1964,  No  1,  |i.  t2. 

57.  k.  V.  Zener.  In  the  cell,  "elasticity  acd  inelasticity".  IL, 
1965,  p.  1. 

58i  Coll,  "questions  of  high-teope rature  strength  in 
■achine-building".  Ed.s  UkrNITI,  1961. 


DOC  * 78133012  PAGE  7^-^ 

59 i Yu.  A.  Kashtalyan.  Powder  Metallurgy,  1962,  No  1,  p.  61. 

60.  V*  A.  Kuz'aenko.  Sonic  and  ultrasoqic  oscillations  during  the 
dyqanic  tests  of  Materials.  Ed.s  cf  AS  UkSSB,  1963. 

61.  Kostcr  W.  Z.  Metallic,  1946,  Bd.  39,  H.  1,  S.  149. 

62.  N*  G.  Lozinskiy.  Structure  and  the  property  of  Metals  and  alloys 
at  high  teaperatures.  Metallurgizdat,  1963. 

63.  G.  S.  Pisarenko,  V.  A.  eorisenkc,  Yu.  A.  Kashtalyan.  Powder 
Metallurgy,  1962,  No  5,  p.  19. 

64.  A.  B.  Lyashchenko,  P.  I.  Mel'aichuk,  X.  N.  Frantsevich.  Powder 
Metallurgy,  1961,  No  5,  p.  (4. 

65.  V..  A.  Dreshpak  - Dopovidi  AN  UBSR,  1967,  A.  Seriya,  No  10,  p. 
917. 

66;  Physicochenica 1 properties  of  cell/eleients.  Publishing  house  of 
"Scientific  Thought",  1965. 

67.  K.  D.  Snitels.  Tungsten.  Netal lurgizdat , 1958. 

68.  B.  Chalmers.  Physical  physical  netallu 


CCC  = 78133012 


PAGE 


08.  Broun  H.  L..  Armstrong  P.  E.  Rev.  Sci.  Instrum.  1963.  M 6. 

p.  61. 

70.  Bernstein  B.  T.  J.  Appl.  Rhys.,  1962.  v.  33.  M 6,  p.  2140. 

71.  Lowrie  R.,  Gonas  A.  M.  J.  Appl  Phys.,  1965,  v.  36,  M 7,  p.  2169 

72.  E>  H.  Warier,  o.  S.  Gurvich,  l.  F.  Kal'tseva.  High-t eaperature 
ta terials.  Publishing  house  "aetallurgy ",  1«67. 

73.  Coll,  "aolybdenua".  II,  1962. 

74.  c.  Aleksandrov,  I.  v.  Ryzhova.  Crystallography,  1961,  No  6,  f>. 
56. 

75.  B.  A.  Kalugin,  I.  G.  nikhaylov.  Acoustic  jocrnal,  1966,  Vol.  12, 
issue  1,  p.  144. 

76.  Niobiua,  tantalua  and  their  alloys.  Punishing  house 
"aetallurgy",  1966. 

77.  Gebhardt  E.,  Preisedau  H.  Z.  Metallic,  1955,  Bd  46.  H.  8, 

S.  560. 

78i  D.  A.  Prokoshkin,  Y/e.  Y . Vasil'yeva.  Niotiua  fusions.  Publishing 
house  "science",  1964. 

Eage  360. 

79  R e y n o I d s M.  Trans.  ASM.,  1953,  v *5.,  p.  839 

80.  T o 1 1 1 e C.  R.  J.  Inst.  Metals,  1956—1957,  v.  85,  p.  375. 

81.  H * r e 1 1 o n P.  SAE  Journal,  1958,  5,  p.  66. 

82.  L i v e se  y D.  J.  J.  Inst.  Metals.  1959,  v.  27,  p.  1 14. 


f . 


J 


- 


COC  * 78133012  PAGE  rj  £ f 


83.  A>  I.  Dashkovskiy , le.  A.  Savitskiy.  In  the  collection 
* netallurg y and  physical  metallurgy  c£  pure  metals”.  Atoaizdat,  1960, 
issue  11,  p.  224. 

84  Osterman  F.  Metall,  1962,  Bd.  16,  S.  666. 

85.  I„  H.  Nedyukha,  V.  6.  Cfcernyy.  Dopcvidi  AN  URSR,  1965,  No  3,  p. 
339. 

86.  N*  D.  Tarasov,  B.  A.  Ul'yancv,  Ta.  C.  Rikbaylov.  In  the 
collection  "high*temperat ure  inorganic  compounds".  Publishing  house 
cf  "Scientific  Thought",  1965,  p.  55. 

87.  Armstrong  P.  £.,  Broun  H.  L.  Trans.  ASM,  1963,  v.  58,  p.  30. 

88.  K 6 s t e r W.  Appl.  Sci.  Rec„  1934,  v.  A4,  p.  329. 

89.  G.  V.  Sansonov,  ?.  T.  Constant inov.  Tantalua  and  niobium. 
Hetallurgizdat,  1959. 


90.  S « y b o 1 1 A.  J.  Inst.  Metals,  1954,  v.  6.  p.  774. 

91.  H.  V.  Nal*tsev,  A.  I.  Eaykov,  S.  Ya.  Sclcvyev.  Technology  of  the 
production  of  niobium  and  his  alleys.  Publishing  house  "metallurgy", 
1966. 

92.  Koster  W.  Raushtr  W.  Z.  Mctallk.  1948,  Bd.  39.  S.  111. 


1 


COC  * 78133012  PAGE  -46T~ 

S3.  Coll,  "transactions  of  scientific  ard  technical  conference  on 
study  of  dissipation  of  energy  during  oscillations  of  elastic 
todies",  publishing  house  of  AS  UkSSB,  1958. 

94.  V2  A.  Zhuravlev.  Plant  laboratory,  1948,  No  5,  614. 

S5.  E>  I.  Bolkhovitinova.  Effect  of  shot  peening  co  the  properties  of 
steel  parts.  Mashgiz,  1953. 

96.  Yu.  V.  Piguzov  et  al.  Ic  tte  collection  "internal  friction  in 

aetals  and  alloys".  Publishing  house  "science",  1966,  18. 

97.  Coll,  "relaxation  phencaena  in  aetals  and  alloys". 

Hetallurgizdat,  1963. 

98.  Coll,  "refractory  aetals  and  their  allcjs".  (Materials  of 
international  conference  on  refractory  aetals  and  alloys.  Sheffield, 
19 60)  . IL,  1962. 

99.  N,  N.  Eavidenkov.  Scae  probleas  of  the  aechanics  of  aaterials. 

Lenizdat,  1943. 

100.  Petty  E.  R.  Metallurgy,  1957,  r.  56,  p.  231. 

101  Fitzgerald  L.  M.  Brit.  J.  Appl.  Phya,  I960,  v.  II,  J*  12,  p.  551. 

102  Fitzgerald  L.  M.  J.  Leaa— Common  Metala,  1963,  v.  5,  M 4,  p.  356. 


103.  A.  A.  Kul'bakh,  V.  H . Shchevelio,  N.  A.  Evstyukhin.  In  the 


DOC  =*  78133012 


PIGE  4* — 


733 


collection  MCeraet  and  high-aeltinc  aaterials".  Ed.s  BIFI,  1967,  p. 

29  4 

104.  N.  A.  Evstyukhin,  1.  E.  S fccha velio.  In  the  collection 
"Hetallurgy  aad  physical  aetallurgy  cf  Fare  netals”.  Atoaizdat,  1967, 
p.  101. 

105.  Damagal  a R.  F.  Jobnaon  W.  Metal.  Progr.  1951,  v.  60.  p.  73. 

1Q6.  V.  D.  Kuznetsovs.  Ed.s  of  the  AS  USSR.  Sections  of  aatheaatical 
and  natural  sciences,  ser.  phys.,  1937,  No  6,  p.  751. 

107.  N.  G.  Lozinskiy.  High-teaperature  net allography . nashgiz,  1956. 

108.  S.  I.  Gubkin,  R.  I.  Taiilin.  Izv.  AN  ESSR,  ser.  phys-tech. 
sciences,  1958,  No  2,  p.  5-9. 

109.  Gem  me  II  G.  D.,  Tram.  Metallnrg.  Soc  AIME,  1069.  t.  215.  p.  898. 

Page  361. 

110.  Semchyshen  M.,  Torgerson  C.  S.  Tram.  Amer.  Soc.  Metal*, 

1958,  v.  50,  p.  830. 

111.  O.  S.  Ivanov  et  al.  Physical  tetallurg)  and  heat  aetal  working, 
1962,  No  7,  p.  4-7. 


112.  B.  H.  Khrushchov.  Plant  laboratory,  1947,  No  9,  p.  1121. 


DOC  = 78133012 


PAGE  -4$- 

113.  Atkins  A.  G..  T«bor  D.  Brit.  J.  Appl.  Phy»„  1965,  v.  16,  J*  7. 
p.  10]  a. 

114.  Engl  J.  Ffilmer  J.  z.  Phys.,  1936,  Bd.  96.  H.  11/12,  S.  702. 

115.  A.  I.  Betaneli.  Hardness  of  steels  and  hard  alleys  at  elevated 
temperatures.  Hashgiz,  1958. 

116.  P.  Garofalo,  p.  R.  fleylnok,  G . ¥.  Saitb.  in  the  collection 
"Pzoblea  of  conteaporary  aetallurgy",  IL,  1S54,  No  2 (14),  p.  10. 

117.  B.  V.  Motte.  Indentation  tests.  Metallurgizdat,  I960; 

118.  V.  K.  Grigorovich.  Transactions  of  the  institute  of  aetallurgy 
ia;  A;  A.  Baykov.  Ed.s  cf  IS  OkSSB,  issue  5,  1S60,  p.  244. 

119.  In  the  collection  "theraal  stability  cf  aaterials  and 
structural/design  eleaents",  issue  4.  Publishing  house  of  "Scientific 
Thcught",  1967. 

1.  M.  Glazov,  V.  N.  Pigdorovich.  Micrc hardness  cf  metals, 
fletallnrgizdat,  1962. 

121.  ¥.  ¥.  Dzhe ael inskiy  et  al.  In  the  collection  "Carbides". 
Publishing  house  of  "Scientific  Tbcught",  1S6S,  p.  4 1. 


DOC  = 78133012 


PAGE 


122.  I.  S.  Koval 'chenko , V.  V.  Dzhemelinskiy,  9.  A.  Eorisenko. 
Problems  of  strength,  Vcl.  1,  No  5,  1969,  <3"  p.  20. 


123.  B.  Kiffer,  F.  V.  Bcnezovskiy.  In  the  collection  "Problem  of 
contemporary  metallurgy",  1959,  No  2 (4k)  4 p.  21. 


124.  6.  O’Neyl'.  Hardness  of  metals  and  its  measurement. 

Ketalkurgizdat,  1940. 

125.  Westbrook  J.  H.  Proc  ASTM,  (957.  v.  57.  p.  873. 

126.  Westbrook  J.  H.  ASTM  Bull.,  I960,  J*  246.  p.  S3. 

127.  Mallock  A.  Nature,  v.  117,  J6  2934,  1926,  p.  117;  v.  119,  J*  2990, 
p.  276,  Nk  3001,  p.  669,  1927. 

128.  B.  Hill.  Mathematical  theory  cf  plasticity.  State  Technical 
Press;  1956. 


129.  V.  N.  Skurato vskiy , V.  A.  Borisenko.:  Ir  the  collection  "Thermal 
stability  cf  materials  and  structural  cell/eleients",  issue  5,  Kiev, 
"Scientific  Thought",  1S69,  p.  435-439. 


130.  V . A.  Borisenko,  G.  S.  Eisarerkc.  Pomder  metallurgy,  1961,  No  5, 


131.  Haddow  J.  B.,  Johnson  W.  International  Journal  of  Mechanical 
Science*.  1962,  v.  4,  M 1-2,  p.  66. 


132.  V.  A.  Borisenko.  Pcwder  metallurgy,  1962,  No  3,  a.  55. 


133.  G.  S.  Pisarenko,  V.  k.  Boriserkc.  DAI  cf  UkrSSB,  1962,  No  8,  p. 


IOC  * 78133012 


P.GE 


1053. 


134 . J.  N.  Frantsevich,  I.  He.  Shiyanovska ya,  V.  I.  Lavrenko.  Physics 
oC  Behais  and  physical  aetallucgy,  1860,  ¥cl.  9,  issue  4,  |Pu  593. 

136.  Stas  C.  T.  J.  Mstals.  1988,  M S,  p%  MO. 

Page  362. 

13<*  G.v/-  2ikhafova.  a-l-  \jo^  -f  t r <r  o u & 'vne^ojs,  t1&\  //o! 't  p-  73. 

137.  Minch  er  A.  L.,  Shed  y W.  F.  Trans.  Metallurg  Soc.  A1ME,  1961. 
v.  221,  p.  19. 

138.  V.  D.  Kuznetsov.  Investigations  in  heat-resistant  alloys.  Vol. 

5.  Publishing  house  of  IS  OSSB,  1959,  f.  387; 


139.  i.  A.  Bochvar . Izv.  of  the  IS  OSSB,  OTK,  1947,  No  10,  1369. 


140.  I.  L.  Hirkin,  D.  Te.  lifshitz.  Plant  laboratory,  1949,  No  9, 

1011. 


141.  V.  P.  Shishokin.  ZhTF,  1938,  1,  iss.  18,  pg.  201. 


142.  Plant  laboratory,  1949,  No  7,  p.  842. 


143.  1.  P.  Gulyayev,  Te.  F.  Trusova,  R.  I.  Eitel'berg.  Plant 


laboratory,  1949,  No  4,  p. 


DOC  = 78133012 


PAGE  -S-V- 


737 


14^.  K.  P.  Yakovlev.  Mathematical  processing  of  the  results  of 
measurements.  State  Technical  Press,  1953. 

145.  ¥ . P.  Shishokin,  L.  N.  Bazilevskiy.  PEE,  1961,  Vol.  11,  issue  6, 
f.  942. 

146.  J.  I.  Kornilov,  N.  1.  Coaotenko.  Investigations  in 
heat-resistant  alloys,  Vcl.  3.  Ed.s  of  the  AS  USSR,  1958. 

147.  V.  A.  Borisenko.  Pender  metallurgy,  1964,  Bo  5,  p.  47. 

148.  V.  p.  Shishokin.  Ncnfeirous  netals,  1930,  So  4,  p.  31. 

149.  ¥ . P.  Shishokin,  V.  A.  Ageyeva,  N.  A'.  Vikhcreva.  ZhTP,  1940, 

Vol.  10,  p.  491. 

150.  Cell,  "problems  of  contemporary  metallurgy IL,  1960,  No  5. 

151.  V.  A.  Borisenko.  Pender  metallurgy,  1964,  Ko  6,  p.  79. 

152.  6.  s.  Pisarenko  et  al.  In  the  collection  "Transactions  VII 
All-Union  scientific-technical  conf  cn  powder  metallurgy".  Ed.s  of 
State  Committee  SH  ASH  cf  SSB  on  pxess/printing,  1964,  p.  50. 

153.  Parker  R.  J.  Metallurgy  IMA  v.  *7,  M 403,  p.  219. 


DOC  = 78133012 


PAGE 


73? 


154.  K.  A.  Osipov.  Questions  of  the  theory  cf  the  heat  resistance  of 
Metals  and  alloys.  Ed.s  of  the  AS  USSR,  196C. 

155.  Xe.  V.  Vasil*  yeva,  D.  A.  Prokcshkin,  l.  H.  Belova.  Physical 
Metallurgy  and  heat  natal  working,  1966,  Me  12,  p.  21. 

1 54-  X-  S.  Ivanov,  I.  M.  Kop'yev,  Yu.  G.  Litecov.  In  the  collection 
"Structure  and  the  properties  cf  heat-resistant  metallic  Materials". 
Publishing  house  "science",  1967,  p.  14. 

157.  Ya.  S.  Gintsburg,  A.  G.  Bobrov.  Stands  for  testing  engineering 
materials  at  high  temperatures.  Publishing  horse  "Hashincstroyeniye* , 
1964. 

156.  Fisher  D.  H.,  Carlson  It  L„  Holden  F.  C.  Mater.  Res.  Stand., 

1962,  v.  2,  N 1,  p.  26. 

159.  G.  S.  Pisarenko.  Plant  laboratory,  1963,  No  3,  p.  364. 

160.  M.  D.  Sadovskiy  et  al.  Investigations  in  b i gh-strength  alloys 
and  filamentary  crystals.  Ed.s  of  the  AS  USSR,  1963,  p.  41. 


161.  Coll,  "heat-resistant  alleys  under  conditions  of  supersonic 
flights".  Hetallurgizdat,  1962. 


fc 


! 


DOC  * 78133012  PUCE  ^ ^Cj 

I 

162.  Coll.  "high-aelting  aetallic  aaterials  for  space  technology". 
Publishing  house  " peace/ net  Id" , 1966. 

Eage  363. 

163.  Cell,  of  "investigation  at  high  teaper atures".  il,  1962. 

164.  H a n t A.  J.  Less — Common  Metals,  1960,  v.  2,  Nk  2 — 4,  p.  95. 

165.  Cell,  of  "property  and  working  refractory  aetals  and  alloys". 

IL  # 1961. 


166.  le.  H.  Savitskiy,  r.  A.  Tylkina,  K.  B.  Ecvarova.  Rheniun 
fusions.  Publishing  house  "science",  1965. 

167.  H.  I.  Gavrilyuk  et  al.  Physics  of  aetals  and  physical 
ae tallurgy , 1962,  Vol.  13,  issue  5,  p.  693. 

166.  Harmon  V.  J.  Metals,  1960,  v.  12,  W»  9.  p.  140. 

169.  H.  S.  Kaufaan  et  al.  Producticn  of  helices,  grids  and 

in fut/intrcduction s of  electro- vacuua  tools.  Gcsenergoizdat,  1962. 

170.  Coll,  "soae  guestiens  of  large  pV*stic  aetal  deforaations  at 


r 


DCC  = 78133012 


PAGE 


n>io 


high  pressures".  Ed.s  of  the  AS  USSR,  1960. 


171.  H.  V.  Bronfin,  7-  A.  Rarichev.  In  the  ccllcction  "Processes  of 

diffusion,  structure  and  the  property  of  setals".  Publishing  house 
"machine-building",  uai-r g 1964,  15. 

172.  le.  B.  Savitskiy  et  al.  Alleys  of  rare-earth  setals.  Ed.s  of  the 
AS  OSSB,  1962. 

173.  Cell,  "electronic  lelting  of  setals".  Publishing  house 
"peace/vor Id",  1964. 


j 


174.  V.  P.  Shishokin.  Journal  of  Applied  Cheiistry,  1929,  Vol.  2,  No 
6,  p.  657. 

175.  li.  I.  Bratskiy,  I.  N.  Frantsevich,  "steel",  1932,  No  7-8,  p.  74. 


176.  S.  I.  Gubkin.  Theory  of  the  floe  of  metallic  substance. 
Hoscom-Len ingrad,  CNTI,  1935. 

177.  S.  A.  Pogodin,  7.  la.  Anosov.  Basic  of  the  beginning  of  the 
physicochemical  analysis.  Publishing  house  of  the  AS  USSR,  1947. 


I ! 


178.  Ye.  H . Savitskiy.  Tesperature  effect  on  the  mechanical 


DOC  = 78133012  F JIG  £ ^ 

properties  of  Metals  and  alloys.  Bd.s  of  the  AS  USSR,  1957. 

179.  We « t b r o o k J.  H.  Tran*.  ASM,  1953,  v.  45.  p.  221. 

1*0.  I to  K.  Science  Rep.  Tohoku  Emp.  UnW.  12,  1*7,  1923;  Z.  Metall- 
kunde,  92,  1925. 

1*1.  Petty  E.  R.  J.  Inat.  Metali,  I960,  t.  *9.  M 4.  p.  123. 

182.  B.  A*  Kly pin,  A.  P . Gulyayev,  N.  N.  Mctguncva.  Physical 
■etallurgy  and  heat  aetal  working,  1966,  Me  12,  p.  15. 

S' 

1*3.  Conn  d H.  J.  Metals.  1964,  v.  16,  M 7.  p.  5*2. 

184.  Cell,  "investigation  in  heat-resistant  alleys".  Vol.  7. 

Publishing  house  of  AS  USSR,  1961. 

185.  V.  A.  Borisenko.  Pcwdex  Metallurgy,  1965,  No  2,  p.  57. 

186.  R . A.  Zaykov.  ZhTF , 1948,  Vol.  18,  issue  6,  f.  405. 

V.  A*  Pavlov*  Physical  bases  of  the  plastic  aetal  deformation. 

Id.s  of  the  AS  USSR,  1 9 € 2 . 

188.  L.  N.  Aleksandrov,  V.  S.  Hordyuk.  In  tie  collection 
"Investigation  of  steels  and  alloys".  Publishing  house  "science", 

1964,  f.  125. 

189.  V.  P.  Telyutin  et  al.  Physics  of  Metals  and  physical  Metallurgy, 

19§3#  Vol.  15#  issue  5#  p.  14 8. 


■ " ■ ■'  


DOC  = 78133012  PAGE 

Page  364. 

190.  E.  S.  Yakovlev.  Ph}sics  of  oetals  and  physical  aetallurgy,  1957, 
Ycl.  4,  issue  1-2,  p.  150. 

191.  H.  A.  Zaykov.  Conditions  of  deforaaticn  and  effort/force  during 
the  hct  rolling.  Metallorgizdat,  1960. 

192.  Coll,  "aechanical  properties  cf  aetallic  ccapounds". 
Hetallurgizdat,  1962. 

193.  L.  N.  Aleksandrov,  V.  s.  Hcrdyuk.  The  internal  friction  of 
refractory  aetals.  Saransk. ed.s  of  Horcvinian  university,  1966. 

194.  Coll,  "new  aachines  and  testers  of  aetals".  Hetallurgizdat, 

1963. 

195.  A.  P.  Sotnichenko.  Plant  laboratory,  I960,  Vcl.  6,  p.  760. 

I 

196.  N.  G.  Lozinskiy.  I2V.  cf  the  AS  0SSR,  CTB , 1957,  Ho  11,  14. 

197.  Coll,  of  "aachine  and  testers  of  aaterials".  Publishing  house 
"aetallurgy",  1968. 


DOC  = 78133012 


PAGE  -5? T"1 


7^3 


196.  N.  I.  Hikheev  et  al.  Plant  laboratory,  1963,  No  8,  p.  371. 

199.  1.  P.  Tereshchenko,  G.  S.  Pisarenko.  Plant  laboratory,  1961,  No 
1,  f.  81. 

20Q.  7.  1.  Kov  ak.  Plant  laboratory,  1961,  No  5,  p.  585. 

901.  Linen  F.  R„  Miller  J.  Tram.  ASME.  1962.  ».  74,  M 5.  p.  765. 

909.  Graham  A.  Valles  K-  F.  A.  J.  Iron  Steel  Init.,  1955,  v.  26..  J*  6. 
p.  255 

203.  K.  D.  Sazonova.  Heat-r esistat t material  testing  for  creep  and 
stress-rupture  strength.  Publishing  bouse  "aachine-building",  ueanrg 
1965. 

204.  Ya.  S.  Gintsburg.  Flant  laboratory,  I960,  No  7,  p.  86?. 

205.  S.  Henson,  G.  Sakkcp.  In  the  ccllecticc  "heat-resistant  metallic 
■aterials".  IL,  1958,  p.  63. 

206.  I.  I.  Trunin.  Plant  laboratory,  1963,  No  3,  p.  344. 

2C7.  V.  N.  Nikitin.  Plant  laboratory,  1959,  Me  12,  p.  1492. 

2C8.  A.  Krish,  V.  Yepner.  In  the  collection  "investigation  of 
heat-resistant  steels  ard  alloys".  Hetallurgizdat,  1960,  p.  50. 


r 


DOC  = 78133012 


PAGE 


/T7 


209.  S.  N.  Zhurkov,  £.  Ye.  Toaashe vskiy.  Id  the  collection  "sole 
problems  of  the  strength  solid".  Ed.s  of  ths  AS  USSR,  1959,  p.  68. 


210.  A.  D.  Kennedi.  Creep  and  fatigue  in  netals.  Publishing  house 
"netallurgy",  1965. 


211.  t.  F.  Koffin.  In  tie  collection  "heat-resistant  alloys  at  the 
changing  temperatures  ard  with  stresses".  Ccsenergoizdat,  1960,  p. 
188. 


212.  G.  K.  Leonenko,  V.  T.  Iroshenko.  In  the  collection  "oscillation 
cf  elastic  systens  taking  into  acccunt  the  dissipation  of  energy". 
Fd.s  of  "Scientific  Thought",  1S68,  p.  183. 

213.  S.  V.  Sorensen,  A.D.  Garf,  L.  A.  Kczlcv.  Endurance  testing 
lachines,  Hashgiz,  1957. 

214.  S.  V.  Sorensen,  A.  D.  Garf,  7.  A.  Kut'aenkc.  Dynamics  of 
endurance  testing  machines.  Hashgiz,  1967. 

215.  7.  A.  Strizhalo.  Plant  laboratory,  1967,  He  3,  p.  367. 

216.  7.  A.  Strizhalo.  Plant  laboratory,  1967,  He  5,  pw  620. 


[ 

[■ 

? 

k 


OOC  » 78133012  FACE  -J?T~ j/ Xf 


217.  G.  Thomas.  Blectroc  aicroscopy  of  totals,  1L,  1968. 

218.  Half  ord  G.  R.  J.  Mater.  1906.  I.  J*  1.  p & 


Page  365. 

219.  Morrow  J.  D„  Johnson  T.  A.  Malar.  Ran.  Stands,  1985,  v.  S. 

J*  1.  p.  30. 

220.  Peterson  R.  E.  Mater.  Res  Stands,  1963,  v.  3,  N»  2,  p.  122. 

221.  Schaub  C.,  Liedtke  W.  Colloquium  on  Fatigue,  Springer,  1956, 

S.  244. 

222.  Taira  S.  High  Temperature  structure  and  Material,  Pergamon  Press. 

1964,  p.  187. 

223.  Wadsworth  N.  1.  Phil.  Mag.,  1961,  v.  6,  p.  367. 

22*.  M.  T.  Gudtsov , h.  6.  Icsiaskiy.  Ia  the  collection 
"uicrohardness" . Ed.s  of  the  AS  OSSR,  1951,  p,  25. 


225.  G.  ¥•  Bokuchav.  Iztr.  of  VOZ  [-^S***  - Institute  cf  Higher 
Education].  Hachine-bui  Idigc,  o*±*g-1959,  he  5,  p.  184. 


226.  ¥ . A.  Shapochkin.  Ther nophysics  of  high  t€ a peratures,  1964,  Vol. 
2,  Ho  6,  f.  9 22. 


227.  A.  A.  Kul*bakh,  V.  H.  Shchavelin,  E.  I.  flakarychev.  Plant 
laboratory,  1965,  No  3,  f.  374. 


228.  lu.  G.  Godin  et  al.  I n the  collection  "netallurgy  and  physical 
■etallurgy  of  pure  aetals",  a*  issue  5.  Atciizdat,  1966,  a.  189-198. 


229.  ■.  G.  Hozinskiy,  I.  £.  Hir ot rerskiy.  It?,  cf  the  AS  OSSR,  OTN, 
■etallurgy  and  fuel/propellant,  1959,  lo  3,  p.  <2. 

230.  K o e s t e r R.  D,  M o a k D.  P.  J.  Amer.  Ceram.  Soc,  1967,  y.  50, 

J*  6,  p.  290. 


DISTRIBUTION  LIST 


DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGANIZATION 

MICROFICHE 

A205 

DMATC 

1 

A210 

DMAAC 

2 

B344 

DIA/RDS-3C 

9 

C04  3 

USAMIIA 

1 

C 509 

BALLISTIC  RES  LABS 

1 

C510 

AIR  MOBILITY  F&D 

1 

: 

LAB/FI0 

C513 

PICATINNY  ARSENAL 

1 

C535 

AVIATION  SYS  COMD 

1 

C591 

FSTC 

5 

A Cf  19 

MIA  REDSTONE 

1 

D008 

NISC 

1 

>1 

II300 

USA ICE  (USAREUR) 

1 

P005 

DOE 

1 

i 

P050 

CIA/CRB/  ADD/SD 

1 

NAVORDSTA  (50L) 

1 

nasa/ksi 

1 

AFIT/LD 

. 1 

IJ.I./rodc  r-3R° 

1 

ORGANIZATION  MICROFICHE 


E053 

AF/INAKA 

E0I7 

AF/RDXTR-W 

E403 

AFSC/INA 

E404 

AEDC 

E408 

AFWL 

E410 

ADTC 

E413 

ESD 

FTD 

CCN 

ASD/FTD/  NIIS 
NIA/PHS 

NIIS 

1 

1 

1 

1 

1 

2 

1 

3 

1 

2 


I 


i 


